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PREFACE  TO  SECOND  EDITION. 


Very  great  changes  have  been  made  in  the  present  edition 
as  regards  both  the  matter  and  arrangement  of  the  chapters. 
By  these  changes  many  of  the  more  obvious  defects  of  the 
former  edition  have,  I  hope,  been  removed.  I  have  endeavoured 
in  every  way  to  maintain  the  practical  character  of  the  book ; 
and  for  this  purpose  a  large  number  of  new  drawings  and 
diagrams  have  been  introduced.  The  great  amount  of  revision 
required,  and  the  length  of  time  involved  in  passing  an  illus- 
trated work  of  this  kind  through  the  press,  must  be  my  apology 
for  the  delay  in  the  appearance  of  a  new  edition. 

My  best  thanks  are  due  to  Dr.  Maddox  for  much  valuable 
assistance  in  connection  with  the  revision  and  correction  of 
the  proof  sheets.  I  have  also  to  thank  Mr.  Sydney  Stephenson 
for  several  of  the  drawings  illustrative  of  normal  conditions  of 
the  back  of  the  eye. 


31  Drumsheugh  Gabdeks, 

Edinburgh,  March  1893. 


PEEFACE  TO  FIKST  EDITION. 


In  the  following  pages  I  have  endeavoured  to  give  a  description 
of  the  principal  Diseases  which  affect  the  Eye,  or  lead  in  any 
way  to  impaired  vision.  The  symptoms  and  treatment  of  these 
diseases  are  discussed  more  or  less  fully,  according  to  their 
importance.  Except  in  cases  where  it  has  some  direct  bearing 
on  the  treatment  to  be  adopted,  I  have  either  altogether  omitted 
any  mention  of  Pathological  Anatomy,  or  have  devoted  a 
relatively  small  space  to  it.  This  I  have  done  for  various 
-  reasons, — the  main  one  being  that  I  believe  any  exhaustive 
discussion  of  the  Pathological  Anatomy  of  Eye  Diseases  tends 
to  divert  attention  from  their  clinical  aspects.  The  objective 
examination  of  the  eye,  and  the  subjective  examination  of  its 
functions,  are  capable  of  affording  sufficient  information  for  aU 
practical  purposes.  The  clinical  study  can  therefore  very  well 
be  carried  on  without  much  attention  to  the  details  of  Pathology. 

In  Section  I.  of  this  work  the  basis  of  descriptions  given  is 
entirely  clinical.  The  arrangement  of  chapters  is  perhaps  some- 
what different  from  that  usually  followed  in  similar  treatises. 
Thus,  separate  chapters  have  been  devoted  to  "  Foreign  Bodies 
in  the  Eye,"  "Sympathetic  Ophthalmitis,"  and  "Intraocular 
Tumours."  The  two  former  are  subjects  of  so  great  practical 
importance  that  I  have  thought  it  right  thus  to  emphasise  them; 
all  the  more  that  they  have  frequently  not  received  adequate 


PREFACE. 


xi 


notice  in  text-books.  Intraocular  Tumours,  though  of  compara- 
tively rare  occurrence,  are  interesting  to  most  Ophthalmic 
Surgeons,  and  the  subject  has  received  sufficient  attention  to 
fall  naturally  under  a  special  chapter. 

In  Section  II.,  which  includes  the  chapters  on  Eefraction, 
on  the  Ocular  Muscles,  and  on  the  Methods  of  examining  the 
Eye,  the  subjects  have  been  treated  in  a  manner  which  may 
be  looked  upon  by  some  as  not  purely  practical.  One  of  the 
most  essential  parts  of  the  work  of  an  Ophthalmic  Surgeon 
consists  in  the  diagnosis  and  treatment  of  optical  errors,  and 
to  fit  him  for  this  work  a  special  theoretical  knowledge  of 
Eefraction  is  indispensable.  An  accurate  knowledge,  too,  of 
this  branch  of  Ophthalmology  is  of  the  utmost  importance 
to  him — not  so  much  in  order  that  he  may  be  able  to  correct 
errors  of  Eefraction  which  are  supposed  to  have  some  bearing 
on  more  general  and  obscure  diseases — a  connection,  uninten- 
tionally no  doubt,  greatly  exaggerated — but  in  order  that,  in 
the  consideration  of  any  existing  visual  defect,  he  may  be  able 
to  eliminate  the  possible  factor  of  optical  error.  As  regards 
the  chapter  on  the  Ocular  Muscles,  the  subject  is  one  which  is 
usually  treated  in  rather  a  cursory  manner.  Anything  like  a 
full  discussion  of  it  necessarily  involves  a  certain  amount  of 
speculation.  The  more  theoretical  portions  are  therefore,  like 
the  explanatory  portions  in  the  preceding  and  following  chapters, 
printed  in  smaller  type. 

In  order  to  avoid  repetition,  and  to  facilitate  reference  to 
Operations  which  are  performed  for  several  different  affections 
of  the  Eye,  all  the  principal  Operations  are  discussed  in  the 
last  chapter,  which  constitutes  Section  III. 

For  a  knowledge  of  much  that  has  been  of  the  greatest  use 
to  me  in  the  practice  of  my  profession,  I  am  indebted  to  Professor 
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Hansen  Grut  of  Copenhagen.  His  teaching  has,  I  feel,  largely 
influenced  me  in  the  treatment  of  many  of  the  following 
chapters,  and  I  have  particularly  to  thank  him  for  a  personal 
revision  of  some  of  the  chapters,  and  for  many  valuable  sug- 
gestions in  connection  with  them,  of  which  I  have  availed 
myself. 

To  Dr.  Charnley  of  Shrewsbury  my  best  thanks  are  due  for 
revising  the  chapter  on  Eefraction,  and  verifying  the  formulie 
contained  in  it.  Mr.  Gunn,  too,  has  kindly  looked  over  the 
chapters  on  the  Diseases  of  the  Choroid  and  Eetina.  I  have 
further  to  thank  Drs.  Symington  and  Hill  Griffith  for  the  loan 
of  anatomical  specimens  from  which  some  of  the  drawings  are 
taken,  and  my  former  clinical  assistant.  Dr.  Scott,  for  assisting 
me  in  reading  the  proofs.  All  the  coloured  drawings  have  been 
made  from  life  by  Dr.  Tatham  Thompson  of  Cardiff.  They  will, 
I  hope,  prove  useful  to  those  who  may  not  be  in  the  way  of 
seeing  a  number  of  actual  cases.  Owing  to  Dr.  Tatham  Thomp- 
son having  left  Edinburgh  before  he  had  had  time  to  finish  the 
series  of  drawings,  I  have  not  been  able  personally  to  select  all 
the  cases  represented.  I  cannot  therefore  claim  for  them  that 
they  are  altogether  as  illustrative  as  might  have  been  desirable. 
They  are,  however,  truthful,  and  at  the  same  time  artistic 
representations  of  actual  cases. 

During  the  preparation  of  this  work  I  have  not  only  had  to 
draw  on  my  memory  for  much  information  derived  from  the 
works  of  others,  but  in  many  cases  to  consult  those  at  the  time. 
It  could  hardly  serve  any  useful  purpose  were  I  to  attempt  a 
detailed  enumeration  of  these.  But  a  list  is  appended  of  those 
works  from  which  I  have  most  largely  borrowed,  viz. — Ophthal- 
mic Hospital  Reports ;  Von  Graefe's  writings ;  Helmholtz's 
Physiological  Optics;  Leber  on  the  Eetina  and  Optic  Nerve; 
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Transactions  of  the  Ophthalmological  Society ;  Sattler  on  Pulsat- 
ing Tumours  of  the  Orbit  and  Graves'  Disease ;  Fuchs  on  Uveal 
Sarcoma ;  Works  on  Glaucoma  by  Arlt,  Schnabel,  and  Priestley 
Smith;  Articles  on  Strabismus  by  Alf.  Graefe  and  Hansen 
Grut ;  Berlin  on  Diseases  of  the  Orbit ;  Papers  on  Lachrymal 
Affections  and  Inflammation  of  the  Cornea  by  Hansen  Grut. 


31  Dkumsheugh  Gabdens, 

Edinbuegh,  May  1889. 
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CHAPTER  L 

EXAMI2fATI0N  OF  THE  EYE. 

The  systematic  examination  of  the  eye  must  be  both  sub- 
jective and  objective.  In  the  sichjedive  examination  we  have 
to  question  the  patient  as  to  any  abnormal  sensations  which 
he  may  experience.  "We  have  also  to  determine  by  suitable 
tests  ^ow  far  the  performance  of  the  different  visual  func- 
tions, monocular  as  well  as  binocular,  is  in  accordance  with 
.  the  normal  standard.  By  the  objective  examination  a  more 
complete  explanation  may  be  found  of  the  cause  of  any  abnor- 
malities which  are  revealed  by  subjective  tests. 

Considerable  experience  is  sometimes  required  to  know  how 
far  the  result  of  subjective  examination  is  in  accordance  with, 
and  can  be  explained  by,  what  may  be  found  objectively.  Tor 
instance,  the  question  often  arises — Does  a  certain  degree  of 
blindness  correspond  to  certain  opacities  in  the  cornea  or  lens  ? 
Again,  there  may  be  very  marked  ophthalmoscopic  changes  pro- 
ducing Httle  or  no  visual  effect,  whilst  very  serious  defects  of 
vision  are  sometimes  due  to  changes  which  might  readily 
escape  observation. 

Both  the  objective  and  subjective  examinations  of  the  eye 
should  be  made  in  a  routine  manner.  This  can  be  adhered 
to  after  a  little  practice  without  any  sacrifice  of  time,  and 
prevents  any  existing  defects  or  abnormalities  from  being  over- 
looked. On  the  whole  it  is  advisable  to  complete  the  subjective 
before  proceeding  to  the  objective  examination.  But  there  are 
certain  preliminary  points  in  an  objective  examination  to  which 
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attention  should  first  be  given.  For  instance,  an  inspection 
may  he  rapidly  made  of  the  lids,  conjunctiva,  cornea,  and  jris 
and  the  intraocular  tension,  state  of  muscular  equilibrium  and 
power  of  convergence  determined,  before  the  subjective  exam- 
ination is  begun.  After  the  visual  acuity  of  each  eye  has  been 
noted,  and  any  other  subjective  test  which  may  be  considered 
necessary  applied,  the  objective  examination  may  be  continued 
in  the  dark  room,  first  by  examining  the  cornea,  iris,  and 
anterior  surface  of  the  lens  by  oblique  illumination,  then  by 
reflecting  light  with  the  ophthalmoscope  into  the  eye  to  ascer- 
tain the  transparency  of  the  other  dioptric  media,  and  finally 
by  obtaining  an  ophthalmoscopic  image  of  the  different  parts 
of  the  back  of  the  eye. 

Prbliminaey  Objective  Examination. 

By  inspection  of  the  lids  we  note  any  abnormality  of  the  skin 
and  of  the  cilia,  also  whether  the  puncta  lachrymalia  are  rightly 
applied  to  the  eye,  or  at  all  everted.    The  position  of  the  lids 
with  respect  to  the  eyes  should  be  noted.     By  causing  the 
patient  to  move  the  eyes  upwards  and  downwards  any  abnor- 
mality in  the  lid  movements  may  be  detected.    By  placmg  the 
fino-er  or  thumb  on  the  skin  of  the  lower  lid  and  slightly  pulling 
it  down,  while  the  patient  is  directed  to  look  up,  the  lower  lid 
is  everted,  and  the  conjunctival  surface  brought  into  view,  it 
this  be  normal  in  appearance  it  is  unnecessary  to  examine  the 
inner  surface  of  the  upper  lid,  but  should  the  lower  be  injected 
or  inflamed,  or  should  there  be  any  affection  of  the  cornea  or 
history  of  any  foreign  body  having  struck  the  eye,  the  upper  lid 
must  also  be  everted.    This  is  done  by  raismg  the  lid  with  the 
thumb  of  the  one  hand  applied  to  its  outer  surface,  so  as  to 
cause  the  eyelashes  to  project  forwards.    The  eyelashes  are  then 
grasped  between  the  forefinger  and  thumb  of  the  other  hand,  and 
the  lid  in  this  way  pulled  downwards  and  forwards,  while  the 
patient  is  told  to  look  down.    At  the  same  time  the  skm  below 
the  first  thumb,  which  is  slightly  raised  from  its  former  position, 
is  pressed  downwards.  Finally,  a  movement -of  rotation  upwards 
of  the  other  holding  the  margins  of  the  lid,  is  made  round  it  as  a 
fulcrum.  This  causes  the  conjunctival  surface  to  spring  into  view, 
and  the  more  completely  the  more  the  eye  is  directed  downwards. 
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Attention  should  also  be  paid  to  the  condition  of  the  tear  sac, 
over  which  pressure  may  be  made  in  order  to  see  whether  or 
not  any  regurgitation  takes  place.  The  importance  of  this  is 
explained  in  the  chapter  on  diseases  of  the  lt),chrymal  apparatus. 

Inspection  of  the  cornea  may  be  rendered  difficult  by  the  more 
or  less  convulsive  closure  of  the  lids.  This  is  of  itself  an  indi- 
cation that  there  is  some  irritation  or  inflammation  of  the 
cornea.  Under  such  circumstances  the  eye  should  be  opened 
by  separating  the  lids  with  the  finger  tips  applied  to  the  lid 
margins.  Attempts  to  separate  the  lids  with  the  fingers  other- 
wise than  by  securing  the  margins  may  be  either  altogether 
unsuccessful,  and  merely  result  in  their  eversion,  or  may  not 
sufficiently  expose  the  cornea.  Desmarres'  elevators  (Fig.  1) 
should  be  used  when  there  is  a  danger  of  bursting  an  ulcerated 
cornea.  One  elevator  is  inserted  carefully  under  each  lid  and 
the  eye  opened  by  drawing  them  apart,  avoiding  at  the  same 
time  any  j)ressure  on  the  cornea. 


Fig.  1. — Desmarres'  Retractor. 


When  the  patient  is  placed  facing  a  window  any  irregularity 
of  the  cornea  is  readily  seen  by  the  distorted  image  of  the 
window  reflected  from  the  defective  portion  of  the  corneal  sur- 
face. To  observe  this  the  patient  is  made  to  follow  the  examiner's 
finger  as  it  is  moved  in  different  directions. 

The  intraocular  tension  may  be  tested  by  gently  pressing  the 
tips  of  the  two  forefingers  on  the  eye  through  the  upper  lid, 
while  the  patient  looks  down.  By  alternately  varying  the 
degree  of  pressure  of  first  the  one  and  then  .the  other  on  the  eye, 
some  idea  is  obtained  of  the  resistance  which  it  offers.  Another 
and  often  more  satisfactory  way  is  to  cause  the  patient  to  look 
up,  and  apply  the  tip  of  the  forefinger  of  one  hand  directly  to 
the  conjunctiva  of  the  globe  below  the  cornea,  making  a  slight 
tapping  movement  without  altogether  removing  the  finger  from 
the  eye.  The  interpretation  of  the  impressions  thus  conveyed 
to  the  finger  is  referred  to  in  the  chapter  on  glaucoma. 


4  EXAMINATION  OF  THE  EYE. 

The  condition  of  dynamic  equilihrmm  of  the  external  muscles 
of  the  eye  is  determined,  as  far  as  is  necessary  for  practical 
purposes,  by  causing  the  patient  to  fix  a  distant  object  alter- 
nately with  either  eye,  whilst  the  observer's  hand  is  held  m 
front  of  the  other,  and  by  noticing  whether  any  movement  takes 
place  in  the  eye  which  has  been  occluded  on  removal  of  the 
hand.  If  the  eye  be  then  moved  inwards,  there  must  have  been 
a  divergence ;  if  outwards,  a  convergence  of  the  axes  when  it 
was  excluded  from  fixation.  A  more  delicate  and  at  the  same 
time  easily  applied  test  is  with  a  glass  rod  (Maddox's  test). 
This  test  the  different  conditions  met  with,  and  their  bearing 
on  the  pathology  of  the  ocular  muscles,  are  discussed  m 

Chapter  XVII.  ^-    ^  ^ 

The  degree  of  convergence  is  tested  by  causing  the  patient  to 
fix  a  small  object  which  is  gradually  approached  to  his  face,  and 
then  noticing  the  shortest  distance  up  to  which  the  two  axes 
continue  to  be  directed  towards  it. 

Subjective  Examinations. 

Visual  acuity.-One  of  the  most  important  points  to  deter- 
mine in  all  cases,  and  one  which,  whatever  be  the  complamt  of  the 
patient,  should  be  tested  as  a  matter  of  routine,  is  the  degree  of  his 
visual  acuity.  This  should  be  tested  for  each  eye  separately.  The 
visual  acuity  is  inversely  proportional  to  the  smallest  .asual 
anale  under  which  two  objects  still  give  rise  to  distinct  separate 
impressions.  As  the  degree  of  absolute  illumination  is  of 
inliuence  on  the  acuity  of  vision,  the  ordinary  test  for  the  form 
sense  should  be  made  under  a  good  illumination,  such  as  is 
afforded  by  ordinary  daylight  or  the  light  from  a  good  gas  burner 
placed  close  to,  and  reflected  on  to,  the  object  servmg  as  a  test. 

It  has  been  found  by  experiment  that  two  black  objects  on  a 
white  ground,  if  properly  illuminated,  can  be  seen  by  the  normal 
eye  as  discrete,  when  separated  by  a  space  which  subtends  an 
ancde  of  1'  with  the  eye.  That  is  to  say,  if  the  visual  angle  (m  the 
fio-ure,  angle  A  or  B)  is  equal  to  1'.  This  limit,  though  not  m  all 
cies  the  very  lowest,  is  found  to  be  sufficiently  low  to  form  the 
basis  for  a  practical  scale  of  visual  acuities.  When  the  eye  is 
capable  of  this  degree  of  discriminating  power,  it  is  considered 
to  have  full  visual  acuity.     If  the  smallest  angle  be,  on  the 
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contrary,  only  2',  3',  4',  the  visual  acuity  is  correspondingly  ex- 
pressed by  the  fractions  ^,  \,  and  ^. 

Various  test  objects,  prepared  according  to  the  principle  just 
explained,  are  in  use  for  the  practical  determination  of  the 
acuteness  of  vision.  That  most  commonly  used,  and  which  has 
been  found  to  be  sufficiently  accurate  for  practical  purposes,  is 
the  set  of  test  types  introduced  by  Snellen,  and  generally  known 
as  Snellen's  test  types.  These  consist  of  a  number  of  letters  of 
the  alphabet,  or  other  figures,  ,painted  black  on  a  white  back- 
ground. They  are  so  formed  that  their  height  subtends  an  angle 
of  5',  while  the  spaces  separating  those  portions  which  must  be 
seen  as  discrete  parts  in  order  that  the  shape  of  the  figure  may 
be  recognised,  subtend  angles  of  1'  at  the  distances  at  which 
they  should  be  read  by  any  one  possessing  normal  visual  acuity. 


A  series  of  such  letters  or  figures  arranged  as  lines,  the  letters 
in  each  line  being  the  same  size,  while  there  is  a  differ- 
ence in  the  size  of  those  in  consecutive  lines,  constitute  the 
set  of  test  types.  Above  ■  each  line  is  placed  a  number,  which 
indicates  in  feet  or  metres  the  distance  at  which  the  letters 
should  be  read.  The  number  of  lines  usually  employed  is 
seven.  Of  these  the  one  containing  the  smallest  letters  ought 
to  be  recognised  at  20  feet,  and  the  others  should  with  the  same 
vi.sual  acuity  be  recognisable  at  30,  40,  50,  70,  100,  and  200 
feet  respectively.  Other  tables  have  the  distances  marked  in 
metres,  the  smallest  letters  being  recognisable  at  6  metres,  and 
the  others  at  9,  12,  18,  24,  36,  and  60  metres  respectively.  The 
smallest  letters  are  taken,  therefore,  of  such  a  size  that  it  is 
possible  to  place  a  patient  at  a  distance  from  them  which  can  be 
conveniently  obtained  in  most  consulting  rooms.   Where  theroom 


Fig.  2, — Diagram  of  visual  angle. 
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is  considerably  less  than  20  feet,  or  6  metres  in  length,  an  addi 
tional  line  containing  letters  recognisable  at  15  feet  may  be  added. 

With  the  aid  of  Snellen's  test  types  the  degree  of  visual 
acuity  can,  with  sufficient  accuracy,  loe  expressed  as  a  fraction, 
the  denominator  of  which  is  the  number  giving  either  in  feet 
or  metres  the  distance  at  which  the  smallest  type  legible  by 
the  patient  ought  to  be  read,  and  the  numerator  that  which 
on  the  same  scale  indicates  the  distance  at  which  the  indi- 
vidual tested  is  placed  from  the  test.     Thus,  if  at  20  feet 
distance  the  line  marked  70,  and  which  should  therefore  be 
recognised  at  70  feet,  can  only  just  be  made  out,  the  acuity 
of  vision  is  f^,  or,  as  it  is  often  written,  V  =  fg-.    If  the  patient 
has  to  approach  3  feet  nearer  before  being  able  to  read  that 
same  line,  Y  =  -H-,  and  so  on.    When  none  of  the  types  are 
seen  at  20  feet, — that  is,  when  (as  the  largest  should  be  seen  at 
200  feet)  the  vision  is  less  than        the  fraction  expressing  it 
may  be  found  by  approaching  nearer  and  nearer  to  the  types. 
If  for  instance,  the  largest  type,  and  that  alone,  were  first 
recognisable  at  5  feet,  the  acuity  of  vision  in  such  a  case  would 
be  represented  by  o-fo.    In  cases  where  the  vision  is  very  bad, 
it  is  customary  to  note  the  distance  at  which  the  outstretched 
fingers  can  be  counted  against  the  dark  background  of  the 
examiner's  coat,  the  result  being  noted  as  follows  :  V  =  fingers  at 
3  feet,  or  at  8  feet,  as  the  case  may  be. .  When  the  vision  is  so 
far  reduced  that  fingers  cannot  be  counted  even  when  close  up 
to  the  eye,  but  yet  the  movements  of  the  hand  perceived,  V  is 
said  to  equal  movements  of  the  hand.    This  is  often  denoted 
thus:  V  =  hand-reflex.    Wlien  even  this  degree  of  acuity  is 
not  present  there  may  still  be  perception  of  light,  or  V  =  per- 
ception of  light  (or  V  =  P.L.). 

The  acuity,  as  tested  by  Snellen's  test  types,  may  not  in  all 
cases  lead  to  expressions  which  are  very  strictly  comparable, 
and,  therefore,  for  purposes  of  scientific  investigation,  where 
great  accuracy  is  aimed  at,  other  test  objects  may  be  used.  One 
of  the  best  of  these  are  Burchardt's  so-called  international  tests, 
composed  of  a  number  of  differently  arranged  dots,  which  should 
be  counted  at  different  distances.  The  inaccuracy  connected 
with  the  ordinary  Snellen's  types  lies  mainly  in  the  possibility 
of  guessing  what  they  are  before  tliey  are  very  distinctly  seen, 
a  power  which  the  educated  possess  in  a  higher  degree  than  the 
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niiterate,  so  that  two  individuals,  with  really  the  same  acuity, 
might  present  apparent  differences  when  the  test  is  made  with 
letters  of  the  alphabet  or  other  familiar  figures.  The  mam 
object,  however,  in  making  the  test  is  to  ascertain  at  different 
times,  either  in  the  course  of  any  disease,  or  with  and  without 
optical  correction,  the  degree  of  acuteness  of  vision  m  any 
particular  case.  This  is  for  practical  purposes  sufficiently, 
accurately,  and  most  rapidly  determined  by  Snellen's  test  types, 
which  have  attained  a  popularity  very  much  greater  than  other 
similar,  and  in  most  cases  less  accurate,  tests. 

Besides  the  acuity  of  vision,  or  the  acuity  of  the  sense  of 
form,  two  other  functions  of  the  central  portion  of  the  retina 
sometimes  call  for  investigation,  viz.,  the  colour  vision  and  the 
sense  of  light,  independently  of  form  and  colour. 

The  method  of  testing  the  central  colour  vision  is  fully  dis- 
cussed under  colour  blindness  in  Chapter  XIV. 

Light  Sense. — When  an  examination  of  the  light  sense  is  made, 
it  is  necessary  to  gain  information  with  respect  to  two  different 
points  :  (1.)  The  amount  of  illumination  which  is  just  sufficient 
to  give  rise  to  a  sensation  of  light;  and  (2.)  the  smallest  differ- 
ence between  two  intensities  of  illumination  which  is  capable  of 
beino-  distinguished.  It  is  difficult  to  make  the  examination  in 
sucli'awayas  to  clearly  discriminate  between  pure  sensations 
of  light  and  mixed  sensations  of  light  and  form,  as  they  all  but 
invariably  present  themselves  to  our  consciousness.  But,  in 
the  examination  of  the  light  sense  as  in  all  other  subjective 
examinations,  whatever  their  nature,  our  object  is  not  to  get 
mathematically  accurate  results,  as  that  is  impossible,  but  only 
such  for  which  the  limits  of  error  are  not  too  wide  for  practical 
purposes. 

The  first  element  in  the  light  sense  is  most  conveniently 
tested  by  means  of  Foerster's  photometer.  With  it  the  degrees 
of  absolute  illumination  required  to  render  a  particular  object 
only  just  visible  is  measured.  The  result  thus  obtained,  wlien 
compared  with  the  normal  standard  under  similar  conditions, 
enables  us  to  express  the  acuity  of  the  light  sense  in  the  form 
of  a  fraction. 

Foerster's  photometer  consists  of  a  rectangular  box  one  foot  long 
and  rather  less  than  a  foot  in  breadth  and  height,  blackened  inside, 
and  fixed  to  an  adjustable  stand.    To  one  side  of  one  of  the  ends  of 
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this  hox,  two  apertures,  prolonged  outwards  into  short  projecting 
tubes,  are  placed  for  the  eyes  to  look  through.  At  the  side  of  these 
apertures  is  the  arrangement  for  illuminating  the  interior  of  the  box. 
This  consists  of  a  standard  candle  kept  always  at  the  same  height  by 
means  of  a  spring,  and  placed  at  a  short  distance  from  the  hole  or 
window  in  the  box.  The  size  of  this  window  (wMch  is  covered  with, 
white  paper),  and  consequently  the  amount  of  light  which  enters  the 
box,  is  regulated  by  an  adjustable  rectangular  diaphragm,  the  centre 
of  which  always  remains  in  the  same  position.  By  kno\nng  the  area 
of  this  diaphragm  it  is  easy  to  calculate  the  corresponding  degrees 
of  illumination.  At  the  other  end  of  the  box  is  placed  the  object  to 
be  recognised, — most  conveniently  a  couple  of  squares  of  white  paper 
about  one  inch  apart,  and  also  about  one  inch  in  size. 

A  difficulty  in  connection  with  all  methods  for  determining 
the  minimum  perceptible  quantity  of  light  arises  from  the 
enormous  degree  to  which  that  quantity  varies,  according  to 
what  is  known  as  the  state  of  adaptation  of  the  retina.  The 
sensitiveness  to  light  is  many  hundred  times  less  when  the  eye 
has  been  exposed  for  some  time  to  strong  daylight,  than  it  is 
when  it  has  been  for  some  time  entirely  kept  in  the  dark. 
Practically,  then,  the  unit  must  be  taken  from  a  comparison 
with  one's  own  light  perception  under  the  same  conditions,  and 
with  proper  care  that  the  patient  examined  understands  the 
nature  of  the  test  which  is  being  made. 

The  second  element  in  the  light  sense,  the  power  of  dis- 
criminating between  impressions  of  different  intensity,  may  be 
tested  by  means  of  what  is  called  Masson's  disc. 

•  This  consists  of  a  disc  of  white  cardboard  fixed  at  its  centre  to  an 
apparatus  of  multiplying  wheels,  by  which  it  can  be  rapidly  rotated 
on  its  axis.  On  the  white  surface  are  painted  a  number  of  black 
marks,  which  are  of  such  a  shape  as  to  form  portions  of  sectors  of  the 
disc  of  different  sizes.  These  black  sectors  produce,  on  rapid  rotation 
of  the  disc,  a  number  of  grey  rings,  the  intensity  of  which  varies. 
Thus  the  difference  of  intensity  between  the  light  reflected  from  the 
white  surface  alone,  and  the  grey  rings  produced  by  the  combination 
of  the  blending  of  the  impressions  from  it,  and  a  black  sector  of  4°,  is 
practically  Voo  ;  with  a  sector  of  6°  it  is  Voo,  and  so  on,  the  difference 
of  intensity  in  background  and  ring,  or 


Although  the  normal  power  of  distinguishing  between  degi'ees  of 
intensity  varies  with  the  absolute  illumination,  the  amoimt  of  such 
variation  is  slight,  and  does  not  cause  any  difficulty  in  the  examina- 
tion, the  result  of  whicli  can  always  be  controlled  by  a  comiDarison 
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with  what  one  sees  one's-self.  The  rings  should  he  of  considerahle 
hreadth,  not  less  than  half-inch,  so  that  their  visibility  at  the  distance 
of  one  foot  may  be  independent  of  the  acmty  of  vision  in  any  case 
where  the  test  is  at  all  applicable.  If  under  any  particular  illumina- 
tion the  examiner,  who  has  no  defect  of  the  light  sense,  can  just  see 
the  ring  formed  by  the  sector  of  x°,  while  the  last  seen  by  the  indi- 
vidual examined  is  if,  the  fraction  representing  the  acuity  of  this 
element  of  light  sense  may  be,  for  purposes  of  comparison,  conveniently 

taken  as  —. 

y 

If  leave  out  of  consideration  the  question  of  the  light 
sense  for  the  peripheral  portions  of  the  field  of  vision,  the 


Fig.  3. — -Masson's  Disc  (one-fourth  diameter). 


accurate  examination  of  which  is  in  any  case  a  matter  of  some 
difficulty,  there  seems  no  reason  why  any  attempt  should  be 
made  to  altogether  dissociate  the  light  and  form  senses.  It  is 
sufficient  for  practical  purposes,  as  was  first  pointed  out  by 
Bjerrum,  to  recognise  the  abnormal  manners  in  which  the  form 
sense  is  influenced  by  the  conditions  of  illumination.  It  is  a 
matter  of  experience  that  where  the  minimum  perceptible  degree 
of  illumination  is  very  appreciably  greater  than  normal,  a  marked 
diminution  in  the  visual  acuity  is  found  under  an  illumination 
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which  either  does  not  at  all  affect,  or  it  may  be  only  slightly 
afiects,  the  acuity  of  the  normal  eye.    It  is  evident,  too,  that  an 
eye  which  is  very  deficient  in  the  appreciation  of  differences  of 
intensity  of  illumination  will  be  influenced  in  its  visual  acuity 
for  objects  the  separate  and  distinguishable  parts  of  which  are 
not  strongly  contrasted  in  their  relative  luminosity.   One  of  the 
simplest  practical  methods,  then,  of  testing  the  first  element 
of  the  light   sense  is  to  diminish  the  illumination  until  it 
just  begins  to  affect  the  acuity  of  one's  own  (presumably 
normal)  eye.    An  equally  practical  test  for  the  second  element 
exists  in  Bjerrum's  test  types,  which  consist  of  Snellen's  types 
printed  grey  on  grey.   The  contrast  between  the  letters  and  the 
background  is  much  less  than  for  the  ordinary  types,  which  are 
printed  black  on  white. 

For  the  determmation  of  the  acuity  of  the  light  sense  in 
cases  of  cataract,  a  form  of  photometer  employed  by  von  Graefe 
is  useful  in  doubtful  cases.  This  photometer  consists  merely  of 
a  darkened  box,  in  the  inside  of  which  is  a  candle,  and  on  one 
side  of  which  is  a  window  of  milk  glass,  the  size  of  which  can 
be  regulated  at  will. 

Tlu  vision  of  the  peripheral  portions  of  the  retina  may  be 
defective  with  respect  to  all  or  any  of  the  senses  of  form,  colour, 
and  light.  As  the  nature  of  such  defects  often  throws  light  on 
the  diagnosis  and  prognosis  of  a  case,  the  testing  of  the  peripheral 
retinal  functions  takes  an  important  place  in  the  subjective 
examination  of  the  eye. 

Peripheral  vision  may  be  defective  in  continuity  or  in  acuity: 
often  there  is  a  defect  in  both  respects  at  the  same  time,  that  is 
to  say,  that  the  most  peripheral  portions,  where  the  normal 
acuity  is  least,  may  have  their  acuity  reduced  to  0,  while  the 
same  course  of  impairment  reduces,  but  does  not  altogether 
abolish,  the  acuity  of  the  more  central  portions.  But  besides 
regular  interruptions  in  the  continuity  of  the  field  of  vision, 
■  which  manifest  themselves  by  some  limitation,  in  the  normal 
extent  of  the  field  in  some  particular  direction,  or  in  all 
directions,  irregular  breaches  in  continuity,  or  more  or  less 
blind  portions  surrounded  by  normal  or  relatively  normal  por- 
tions of  the  field,  are  met  with,  to  which  the  name  of  scotomata 
has  been  given. 

To  make  an  accurate  examination  of  the  field  of  vision  it  is 
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necessary  to  make  use  of  some  sort  of  perimeter.  Such  an 
examination  takes  some  little  time,  and  is  only  called  for  in 
certain  cases.  A  rough  examination,  which  is  sufficient  for 
the  determination  of  any  existing  limitation  in  the  peripheral 
boundaries  of  the  field,  should  be  made  as  much  a  matter  of 
routine  as  the  taking  of  the  central  visual  acuity.  It  may  be 
made  in  the  following  manner.  The  patient  is  placed  with  his 
back  to  the  light,  and  facing  the  observer.  He  is  directed  to 
cover  one  eye  with  his  hand,  and  to  fix  steadily  with  the  other 
the  eye  of  the  observer,  which  is  directly  opposite  his  own; 


Fig.  4. — Diagram  of  Field  of  Vision. 

therefore,  if  the  left  be  the  one  to  be  examined,  the  patient  fixes 
with  his  left  eye  the  right  eye  of  the  observer,  whilst  the 
observer  at  the  same  time  fixes  with  his  right  eye  the  patient's 
left.  In  this  position  there  is  obviously  a  plane  at  right  angles 
to  the  common  line  of  fixation,  and  cutting  that  line  at  its  mid- 
point, any  point  on  which,  provided  rays  from  it  enter  the  two 
eyes,  will  have  an  image  at  correspondingly  situated  points  on 
the  two  retince.  If,  therefore,  the  observer,  on  moving  his  hand 
in  any  direction  in  this  plane  from  or  towards  the  middle  of  the 
line  of  fixation,  finds  that  it  disappears  from  or  comes  into  his 
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own  and  the  patient's  view  simultaneously,  it  follows  that  their 
fields  of  vision  are  co-extensive  in  that  direction.  A  test  in  this 
manner  can  he  rapidly  made  in  all  directions,  and  a  want  of 
coincidence  of  the  two  fields  in  any  or  all  directions  he  easHy 
discovered.  This  method  of  testing  is  only,  however,  a  qualita- 
tive one,  in  so  far  as  by  it  the  existence  and  not  the  extent  of 
a  limitation  is  determined. 

Tor  the  ^Durpose  of  obtaining  more  accurate  measurements 
of  the  position  and  extent  of  any  deviations  from  the  normal 
character  of  the  field  of  vision,  as  well  as  of  estimating  the 
peripheral  visual  acuity,  a  perimeter  is  required.    The  result  of 
a  perimeter  examination,  too,  is  most  conveniently  recorded  on 
a  chart,  which  consists  of  a  number  of  concentric  cu-cles,  the 
radii  of  which  increase  by  an  equal  amount,  and  a  number  of 
radiating  lines  from  their  common  centre.    The  circles,  of  which 
there  are  usually  nine,  represent  at  intervals  of  10°  the  angular 
aperture  of  the  field ;  the  lines  the  different  meridians.    In  the 
charts  commonly  used  the  centre  of  the  figure,  therefore,  corre- 
sponds to  the  point  of  fixation,  whilst  the  concentric  circles 
represent  the  portions  of  the  field  whose  retinal  images  are  equi- 
distant in  all  directions  from  the  fovea.    If  there  be  any  doubt 
as  to  the  restriction  of  the  field  in  any  particular  case,  the 
examination  is  best  made  in  a  subdued  light,  the  intensity  of 
which  is  a  little  gTcater  than  that  which  begins  to  tell  on  the 
normal  field.    This  is  a  sort  of  compromise  between  the  examina- 
tion of  the  light  and  form  senses,  which  is  of  considerable 
practical  importance. 

The  normal  extent  of  the  field  of  vision  is  subject  to  variation 
at  the  upper  and  also  (though  to  a  less  extent)  at  the  inner  parts, 
owing  to  individual  pecuharities  in  the  size  and  shape  of  the 
eyebrows  and  nose.  The  physiological  limits  may  be  taken  to  be 
as  follows :— Upwards,  45° ;  upwards  and  outwards,  50°  to  55° ; 
outwards,  90°  (often  slightly  more) ;  outwards  and  downwards, 
80°  to  85°;  downwards,  70° ;  downwards  and  inwards,  60°  (van- 
able  on  account  of  the  nose) ;  inwards,  55°  to  60°  ;  inwards  and 
upwards,  55°.  The  extent  of  the  field  upwards,  and  upwards 
and  inwards,  is  found  to  be  5°  to  15°  greater  when  the  point  of 
fixation  is  situated  20°  or  30°  from  the  centre  of  the  perimeter 
in  the  opposite  direction.  This  has  to  be  borne  in  mind  when 
there  is  a  doubt  as  to  whether  or  not  there  is  limitation  in  this 
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region.  Thus,  should  the  exploration  with  the  centre  of  the 
perimeter  as  point  of  fixation  only  give  an  angular  dimension 
of  40°  for  the  peripheral  extension  of  the  field  upwards,  we 
should  not  always  be  right  in  assuming  a  contraction  in  this 
direction,  unless  no  increased  measurement  resulted  from  testing 
with  a  lower  point  of  fixation. 

The  simplest  form  of  perimeter  consists  of  a  black  board  and 
a  semicircular  arm  of  blackened  metal,  of  one  foot  radius,  from 
the  middle  point  of  the  convex  surface  of  which  there  is  a  pro- 
jection which  fits  into  a  hole  in  the  board,  and  permits  of  the 
arm  being  rotated  round  its  own  diameter,  that  is,  round  a  line 
at  right  angles  to  the  board.  Eadiating  lines  are  scratched  or 
cut  on  the  board  from  the  central  hole,  and  separated  by  definite 
angular  distances  (30°  or  45°).  These  indicate  the  position  in 
which  the  semicircular  arm  is  to  be  placed  for  any  particular 
meridian  in  which  the  extent  of  the  field  has  to  be  tested.  The 
arm  itself  is  graduated  in  degrees  by  lines  5°  apart,  and  starting 
from  0°  at  the  centre  to  90°  at  either  end.  The  patient  is  seated 
in  front  of  the  perimeter,  with  his  chin  resting  on  a  support  so 
arranged  that  the  eye  to  be  examined  comes  to  occupy  a  position 
at  the  centre  of  the  semicircular  arm,  or  as  nearly  as  possible 
one  foot  from  the  point  of  fixation.  The  observer  causes  a  white 
object — e.g.  a  square  of  white  paper  at  the  end  of  a  small  black 
rod  —  to  travel  along  the  arm,  and  notes  when,  whilst  the 
patient  fixes  the  middle  of  the  arm,  it  ceases  to  be  seen  if 
moved  from  the  centre  outwards,  or  first  comes  into  view  if 
moved  in  the  opposite  direction.  The  two  points  thus  found  to 
either  side  of  the  centre  in  each  meridian  are  then  noted  on  the 
chart,  or  recorded  in  any  other  manner  which  may  be  found 
convenient.  Thus,  for  instance,  the  extent  of  the  field  in  eight 
directions  along  meridians  separated  from  each  other  by  angles  of 
45°  may,  as  Priestley  Smith  has  suggested,  be  conveniently  noted 
in  the  following  manner,  which  represents  the  normal  field : — 

55    45    50        50    45  55 

90    E     60        60    L  90 

85    70    60        60    70  85 
The  white  test  object  should  not,  as  a  rule,  exceed  10  milli- 
metres square,  and  the  observer  should  stand  in  such  a  position 
as  to  make  sure,  by  watching  the  patient's  eye,  that  he  con- 
stantly fixes  the  centre  of  the  perimeter. 
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It  is  a  good  plan  to  have  a  few  concentric  rings  cut  on  the 
board  itself,  the  radii  of  which  correspond  to  the  projections  on 
it  of  the  scale  on  the  arm.  Small  scotomata  (either  involving 
or  situated  near  the  point  of  fixation),  or  the  limits  of  very  con- 
stricted fields,  can  then  be  accurately  marked  out  on  the  board. 

The  maximum  extent  of  the  field  of  vision  is  only  got  for  objects 
seen  under  a  visual  angle  of  \°  and  more.    For  smaller  visual  angles 
there  is  a  gradual  diminutionln  the  size  of  the  field.    The  test  objects 
generally  employed  in  perimetric  measurements  are  from  1  to  2  centi- 
metres in  diameter,  which,  at  a  distance  of  30  centimetres,  or  about 
the  radius  of  the  peruueter  are,  correspond  to  a  visual  angle  of  from 
2°  to  4°.    Then-  images  must,  therefore,  cover  many  thousands  of 
retinal  elements,  so  that  the  test  is  far  from  being  a  fine  one,  and  not 
at  all  comparable  to  the  tests  made  for  direct  vision.    A  useful  addi- 
tion to  the  usual  method  of  examining  the  field  of  vision  consists 
in  making  use  of  white  objects  which  subtend  a  very  small  visual 
angle.    In  order,  however,  to  be  able  to  work  without  difficidty  with 
sufficiently  small  visual  angles,  it  is  necessary  to  have  the  patient 
placed  some  distance  from  the  plane  ia  ^hich  the  test  objects  he.  A 
method  of  examination  based  on  this  principle  was  introduced  not  long 
ago  by  Bjerrum,  and  is  capable,  in  many  cases,  of  affording  data  of  con- 
siderable diagnostic  importance.    A  large  black  screen,  2  metres  broad, 
which  can  be  let  down  from  the  ceiling  to  the  floor,  should  be  used — 
the  screen  is  most  conveniently  placed  on  the  wall  opposite  the  space 
between  the  windows,  so  as  to  get  good  Hght  all  round.    It  has  to  be 
pretty  large,  as  the  projection  of  the  blind  spot  at  a  distance  of  a 
couple  of  metres,  instead  of  measuring  about  1  inch,  as  on  an  ordmary 
perimeter,  where  the  distance  of  projection  is  1  foot,  or  30  centi- 
metres, measures  7  inches  in  diameter,  and  everythmg  else  is,  of 
course,  in  the  same  proportion.    A  screen,  2  metres  broad,  will  admit 
of  testing  up  to  about  27°  from  the  point  of  fixation,  if  that  be  in  the 
middle  of  the  screen,  v>'hile,  by  removing  the  point  of  fixation  to  the 
edge  of  the  screen,  a  larger  field  can  be  measured.    When  the  test 
object  is  small,  the  central  point  of  the  screen  can  be  used,  and  this,  of 
course,  is  the  most  convenient  arrangement.    The  test  objects  used  by 
Bjerrum  are  small  circular  discs  of  ivory  fixed  on  the  end  of  a  long 
dull  black  metal  rod.    They  are  of  different  sizes,  from  10  millinietres 
to  1  millimetre  in  diameter.    The  examination  is  begun  ^\dth  a  disc  of 
10  millimetres  diameter,  at  the  ordinary  distance  (30  centimetres), 
and  afterwards  continued  in  suitable  cases  Avith  one  3  miUimetres  in 
diameter,  at  the  distance  of  2  metres.    In  the  first  case  the  visual 
angle  is  i^xs,  in  the  second  ^wtt,  or  approximately  2°  and  5'  respec- 
tively.   In  the  case  of  the  5'  visual  angle  the  boundaries  of  the  normal 
field,  instead  of  being  as  extensive  as  they  are  fomid  to  be  by  the 
ordmary  method  of  examination  (see  p.  13),  average  35°  outwards, 
30°  inwards,  28°  downwards,  and  25°  upwards.    Too  much  weight 
must  not  be  attached  to  what  appears  to  be  slight  concentric  limita- 
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tions  got  from  an  examination  by  the  small  visual  angle  method.  It 
is  the  irregiilar  limitations,  the  more  or  less  sector-shaped  defects  and 
blind  areas  (scotomata),  which  are  of  the  greatest  importance.  Con- 
centric limitations  are  met  with  by  this  test  as  individual  peculiarities. 
Under  normal  conditions,  however,  there  are  never  found  to  be 
marked  indentations  or  scotomata  in  the  diminished  field.  Variations 
in  illumination,  it  must  be  remembered,  too,  have  a  somewhat  greater 
influence  on  the  results  got  by  testing  with  the  small  images  than  in 
the  case  of  the  ordinary  perimetric  method. 

Sometimes  it  is  useful  to  test  uot  only  the  continuity  but 
also  the  visual  acuity  of  different  parts  of  the  field  of  vision.  If 


Fig.  5. — Perimeter  chart  of  field  of  vision  ;  —  for  white  for  a  red  and 

complementary  green,  for  a  blue  and  complementary  yellow. 

an  ordinary  perimeter  be  used,  the  test  object  for  this  purpose 
is  most  conveniently  a  figure  composed  of  two  black  squares 
separated  from  each  other  by  their  own  length.  "With  the 
object  of  controlling  the  statements  of  the  patients  as  to 
whether  or  not  at  any  particular  part  of  the  field  these  two 
squares  are  seen  as  distinct  objects,  a  black  rectangular  figure  of 
the  same  breadth,  but  three  times  the  length  of  the  squares,  may 
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be  alternately  placed  in  the  same  position.    This  may  readily  be 
done  by  having  the  two  figures  on  either  side  of  a  piece  of  paper 
or  cardboard.    With  such  test  objects  of  different  sizes,  the  visual 
acuity  for  any  part  of  the  field  can  be  tested  and  compared  with 
that  of  the  same  portion  of  the  field  of  the  observer.  Or, 
as  is  occasionally  useful,  for  instance  in  cases  of  incomplete 
hemianopia,  the  distance  from  the  centre  at  which  a  definitely 
sized  test  object  of  this  kind  can  be  just  made  out  is  compared 
with  the  distance  at  which  it  is  seen  on  the  same  side  of  the 
other  eye,  or  the  opposite  side  of  the  first  eye.    The  most  trust- 
worthy test  for  peripheral  visual  acuity,  however,  is  that  made 
with  small  objects  at  a  distance,  as  in  Bjerrum's  screen  test  just 
(l6scril36cl 

The  determination  of  the  Iwiits  of  the  fidd  for  different 
colours  may  be  made  with  pieces  of  coloured  paper.   The  results 
thus  obtained  are  influenced  by  the  hue  and  shade  of  the  colour 
used  by  the  size  of  the  coloured  objects,  and  by  the  quality  and 
intensity  of  the  light  under  which  the  examination  is  conducted. 
PracticaUy,  in  examining  any  case  it  is  useful  to  determine  the 
extent  of  one's  own  visual  field  in  one  or  two  directions  under 
the  same  conditions,  and  then  allow  something  for  mdividua 
peculiarity  besides.    Another  precaution  that  will  be  found 
useful  is  to  have  the  test  object  (which  it  is  well  to  make  20 
millimetres  square)  differently  coloured  on  either  side.    In  this 
way  we  are  provided  with  a  check  on  the  accuracy  of  the 
patient's  statements.    The  most  convenient  colour  to  use  is 
some  hue  of  red,  as  it  is  for  the  reds  and  greens  that  patho- 
loaical  defects  in  the  colour  sense  first  manifest  themselves.  It 
the  test  colour  chosen  ,be  examined  carefully  at  the  mner  side 
of  the  field  of  vision,  it  will  generally  be  found  to  change  colour. 
Before  becoming  absolutely  colourless,  it  will  become  yellowish, 
brownish,  or  bluish,  according  to  the  hue  and  shade  selected, 
and  it  is  this  tint  which  may  with  advantage  be  selected  for 
colouring  the  opposite  side  of  the  test  object.    When  the  red- 
green  perception  is  entirely  abolished,  the  limits  may  be  taken 
for  blue  or  yellow,  the  vision  for  which  is  almost  always  longer 
in  disappearing;  but  the  only  necessity  for  this  is  to  exc  ude 
the  possibility  of  the  more  usual  form  of  congenital  colour 
blindness,  which  we  should  have  reason  to  suspect  if  the  peri- 
pheral boundaries  for  yellow  and  blue  were  not  restricted. 
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AVhat  are  called  self-registering  perimeters  are  now  mucli  iised,  and 
render  the  examinations  of  peripheral  visions  more  easy  and  rapid. 
A  number  of  difi'erent  perimeters  of  this  kind,  with  which  the  chart 
representing  the  size  of  the  field  of  vision  can  be  more  or  less  auto- 
matically obtained  at  the  time  of  the  examination,  are  in  nse.  Of 
these  the  perimeters  of  Priestley  Smith,  M'Hardy,  and  Blix,  are 
perhaps  the  best. 

Subjective  Sensations. 

The  different  subjective  sensations  which  may  be  com- 
plained of,  and  for  which  a  proper  objective  examination  will 
afford  a  more  or  less  satisfactory  explanation  in  most  cases,  need 
only  be  shortly  referred  to  in  this  chapter,  as  they  are  men- 
tioned in  connection  with  the  diseases  in  which  they  are  mostly 
manifested;  The  principal  ones  are  pain,  double  vision,  distorted 
vision,  the  appearance  of  spots  or  clouds  in  front  of  the  eye,  and 
subjective  light  and  colour  sensations. 

Pain. — Pain  complained  of  in  the  eye  may  be  non-inflam- 
matory. It  may  also  be  primarily  due  to  inflammation  of  the 
eye  or  the  surrounding  parts. 

In  a  large  proportion  of  the  cases  of  pain  unaccompanied 
by  inflammation,  the  pain  only  conies  on,  or  is  at  all  severe, 
when  the  eyes  are  used  for  work  near  at  hand,  such  as  read- 
ing or  sewing.  In  other  cases,  again,  the  pain  is  independent 
of  the  use  of  the  eyes.  The  name  which  is  generally  given  to 
the  non-inflammatory  pain  associated  with  the  use  of  the  eyes 
is  asthenopia,  which  literally  means  a  want  of  power  in  the  eye 
to  perform  its  functions.  As  a  general  rule,  the  greater  the 
pain  complained  of,  the  less  likely  is  it  to  depend  upon  any 
pathological  condition  at  all,  which  can  be  referred  to  the  eye. 
But  it  is  necessary  to  make  a  thorough  examination  into  the 
state  of  refraction  and  the  condition  of  the  external  muscles, 
before  it  is  possible  to  exclude  those  forms  of  asthenopia  which 
depend  on  accommodative  or  muscular  difficulties,  the  symptoms 
of  which  are  elsewhere  discussed. 

Pain  in  the  eyes,  often  described  as  at  the  back  of  the  eyes, 
imconnected  with  any  accommodative  or  muscular  abnormality, 
and  coming  on,  often  very  severely,  at  longer  or  shorter  intei-vals 
after  use  of  the  eyes  for  reading,  &c.,  is  extremely  common. 
Often  the  condition  is  associated  with  more  or  less  sensitiveness 
to  light.    In  many,  and  indeed  most  of  these  cases,  there  is 
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absolutely  nothing  to  be  found,  in  connection  with  the  eyes  at 
any  rate,  to  account  for  the  persistence  or  severity  of  the  symp- 
toms.    Either  the  strain  on  the  attention  becomes  soon  too 
overpowering,  or  the  retina  itself  is  hypersensitive  and  easily 
tired;  at  all  events,  there  is  some  weakness  in  the  tone  or 
capabilities  of  the  nervous  mechanism  of  vision.    Such  a  state 
of  n&rvous  asthmo'pia  is  probably  frequently  of  reflex  origin, 
though  the  region  from  which  the  afferent  stimulus  proceeds  is 
not  often  apparent.   It  is  more  common  in  women  than  m  men, 
which  has  led  some  authors  to  ascribe  it  to  uterine  irritation, 
and  even  to  describe  a  particular  form  of  chronic  inflammation 
with  which  it  is  associated.    The  causal  connection  between 
the  two,  as  a  matter  of  constant  or  even  frequent  occurrence,  is, 
however,  in  the  highest  degree  improbable.    Intestinal  irritation 
also  appears  sometimes  to  give  rise  to  this  form  of  asthenopia. 
In  a  great  number  of  cases— and  I  am  disposed  to  think  m  by 
far  the  greatest  number— the  pain  is  due  primarily  to  over- 
exertion of  the  eyes  at  a  time  when,  after  a  debilitating  illness, 
or  a  state  of  malnutrition,  antemia,  &c.,  the  nervous  tone  is  below 
par.     The  pain  thus  originating  becomes  chronic,  a  sort  of 
neurosis  or  habit,  and  may  become  so  distressing  as  to  render 
reading  impossible  for  more  than  a  few  minutes  at  a  time. 
Sometimes  the  state  of  the  eyes  themselves  is  such  as  to  in- 
duce asthenopia  from  over  use.    In  congenital  amblyopia  and 
astigmatism,  for  instance,  where  the  difficulties  in  deciphering 
small  type  are  considerable,  reading  may  cause  an  abnormal 
strain.     Indeed  one  can  bring  on  the  same  kind  of  feeUng 
in  one's  own  eyes  by  attempting  to  read  small  type  either 
beyond  the  limit  of  distinct  vision,  or  with  an  illumination 
barely  sufficiently  powerful  for  that  purpose,  and  independently 
of  over-exertion  of  convergence  or  accommodation.  Individuals 
suffering  from  this  form  of  asthenopia  generally  take  sooner 
or  later  to  the  use  of  blue  or  dark  spectacles,  and  by  doing 
so  often  merely  increase  the  sensitiveness  of  their  retinae.  Such 
spectacles  should  only  be  employed  in  cases  of  deep-seated 
inflammation,  in  which  the  tempering  of  the  light  passing  into 
the  eyes  is  one  important  means  of  complying  with  the  indi- 
cation for  rest,  or  under  conditions  of  excessive  glare  from 
powerful  sources  of  illumination  or  reflection. 

Many  cases  of  retinal  or  nervous  asthenopia  are  amongst  the 
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most  severe  and  rebellious  that  oue  is  called  upon  to  treat. 
Cold  water  douches,  and  iron  internally,  are  indicated  in  some 
cases ;  others  are  much  benefited  by  hot  sponging  or  fomenta- 
tions ;  and  where  there  is  absolutely  nothing  abnormal  to  be 
discovered  in  the  eyes,  an  energetic  attemjit  should  be  made  to 
break  the  habit  of  giving  up  reading  as  soon  as  the  pain  comes 
on.  This  can  only  be  done  gradually,  but  is  successful  in 
many  cases. 

Pain,  independent  of  the  use  of  the  eyes,  is  often  complained 
of,  and  is  generally  of  a  neuralgic  character,  and  more  or  less 
intense.  The  diagnosis  is  easily  made  when  there  are  points  of 
special  tenderness  around  the  eye.  Occasionally,  no  doubt,  the 
pain  is  reflex,  but  the  origin  of  most  cases  is  a  hypersensitive- 
ness  of  the  supra-  and  infra-orbital  branches  of  the  fifth  nerve, 
generally  caused  originally  by  exposure  to  cold. 

When  the  jDain  is  due  to  inflammation  the  diagnosis  is  often 
aided  by  noting  the  circumstances  under  which  it  is  most 
intense.  Thus  sometimes  it  comes  on  mostly  at  night,  at  other 
times  mostly  when  light  falls  into  the  eye,  or  when  the  eye  is 
moved  in  some  particular  direction,  or  by  pressure  on  some 
parts  of  the  eye  itself,  or  of  the  surrounding  structures. 

Diplopia. — When  double  vision  is  complained  of,  we  have, 
in  the  first  place,  to  determine  by  covering  first  the  one  eye, 
and  then  the  other,  whether  in  either  case  it  is  still  present, 
or  whether  it  always  disappears  when  one  eye  alone  is  used; 
that  is  to  say,  whether  the  diplopia  is  monocular  or  binocular. 
If  there  be  a  fair  amount  of  vision  in  both  eyes,  and  no 
abnormal  degree  of  suppression  by  the  mind  of  the  image  falling 
on  the  misdirected  eye,  there  will  usually  be  binocular  diplopia 
when  both  axes  are  not  simultaneously  directed  on  the  same 
point  of  the  object  which  engages  the  attention.    There  may 
be  no  diplopia  complained  of  even  though  there  be  wide  diver- 
gence of  the  visual  image  of  the  axes,  owing  to  the  unconscious 
mental  suppression  of  the  image  of  the  one  eye  when  the  other 
is  used  for  fixation.    This  suppression  is  sometimes  so  complete, 
that  under  no  circumstances  can  the  diplopia  be  made  apparent. 
In  other  cases,  by  holding  a  red  glass  or  a  prism  with  the  angle 
directed  upwards  or  downwards  in  front  of  the  fixing  eye,  the 
faulty  image  of  the  other  is  at  once  seen,  showing  that  the 
suppression  is  only  effected  for  normal  conditions  of  similarity 
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in  the  optical  linages  and  only  for  a  retinal  area,  on  winch 
under  ordinary  circumstances,  the  images  correspondmg  to  those 
Tc  wing  tlJcentre  of  the  retina  of  the  fixing  eye  are  recen^ 
Igain,  an  individual  may  complain  of  diplopia  even  aWioug 
the  vLal  axes  are  capable  of  crossing,  anc  actually  do  cros^,  on 
the  same  object.    This  is  the  case  when  other  objects  han  tl  e 
one  fixed  engage  the  attention,  and  is,  xn  fact,  Phj-o  ^cal' m  so 
far  as  most  objects  not  directly  looked  at  are  seen  double.  hen 
therefore,  this  kind  of  double  vision  is  complained  of  ^^  '^^^^'^^ 
to  an  abnormal  degree  of  attention  bemg  directed  to  objects 
other  than  those  fixed.    Usually  there  is  a  suppression  o  one  o 
the  images  of  other  objects  than  the  one  on  which  the  visua 
axes  are  directed-a  suppression  which  is  often  so  complete  as 
to  render  it  difficult  for  many  people  to  become  conscious  of  this 
physiological  diplopia.    Which  eye  is  the  one  whose  images  are 
suppressed  in  any  particular  case  may  be  determmed  by  a  very 
s  mp  e  experhnent.    By  asking  any  one,  while  keepmg  both  eyes 
open,  to  hold  up  their  finger  in  a  line  with  some  distan  obje 
and  ihen  close  first  the  one  and  then  the  other  eye,  they  will 
generally  find  that  the  finger  exactly  covers  the  object  as  seen 
by  one  eye,  whHe  it  deviates  to  one  side  when  looked  at  with  the 
other.    This  shows  that  only  the  image  formed  m  the  eye  m  a 
line  with  which  and  the  distant  object  the  finger  has  been  placed, 
is  observed,  that  in  the  other  being  more  or  less  ^onipletely  sup- 
pressed.   The  cases  of  diplopia  just  referred  to  are  due   o  the 
opposite  condition,  viz.,  to  a  too  ready  appreciation  of  the  physio- 
logical double  images.    This  is  mostly  met  wxth  in  wome^i,  bu. 
occasionally  also  in  men.    When  once  discovered  f^r:^^^ 
not  recognised  as  physiological,  they  contract  a  habit  of  diiectm^^ 
attentioS  to  the  double  images  which  some  imes  ^«  almost 
painful.     Occasionally  it  is  the  nose  which  is  ^^-J^^^^ 
brought  prominently  before  their  notice,  and  which  always 
appears  to  get  in  the  way  of  other  objects,  by  —ng  a^^^^^^^ 
tion  at  the  same  time ;  at  other  times,  any  objects,  both  bej  ond 
and  nearer  than  the  point  of  fixation,  are  continually  forcmg 
their  two  images  on  the  attention. 

Patients  who  suffer  from  true  diplopia,  due  to  a  misdirection 
of  one  of  the  visual  axes  on  the  objects  fixed,  generally  com- 
plain most  of  the  doubling  of  that  object,  one  image  of  which 
they  usually  recognise  as  the  "true"  image,  that  is,  belongmg 
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to  the  properly  dii-ected  eye,  and  the  other  as  the  "  false,"  the 
image  of  the  misdirected  eye.  The  false  image  not  only 
occupies  a  distinctly  abnormal  position,  but  is  besides  more  or 
less  indistinct,  owing  to  its  corresponding  to  a  peripheral  and 
not  a  central  impression.  Although,  however,  we  can  infer 
from  observing  to  which  eye  the  true  image  belongs,  which  is 
the  fixing  eye,  it  does  not  by  any  means  follow  that  the  defect 
in  muscular  activity  is  to  be  found  in  the  other,  as  the  cause 
of  diplopia  may  be  a  condition  common  to  both  eyes,  or  confined 
to  the  fixing  eye  alone,  the  eye  made  use  of  for  fixation  being 
often  determined  by  causes  altogether  unconnected  with  the 
condition  of  which  the  diplopia  is  a  manifestation.  -Occa- 
sionally, whilst  recognising  the  doubling  of  the  object  fixed,  the 
more  distressing  symptom  complained  of  is  a  veiling  of  that 
object  by  the  projection  over  it  of  the  image  falling  on  the 
fovea  of  the  misdirected  eye,  so  that  two  different  objects  are 
constantly  seen,  the  one  through  the  other,  as  it  were,  just  as 
the  two  images  of  a  stereoscopic  picture  are  projected  to  the 
same  position  in  space. 

The  conditions  under  which  the  diplopia  manifests  itself 
have  to  be  inquired  into  and  tested.  Thus,  in  many  cases 
where  it  is  complained  of,  it  is  not  present  under  all  circum- 
stances. This  may  be  due  to  want  of  constancy  in  the  con- 
ditions giving  rise  to  it,  as  is  the  case  in  periodic  squint,  or  to 
the  fact  that  the  double  vision  only  exists  for  certain  directions 
of  fixation.  Again,  in  cases  where  there  is  a  defect  of  conver- 
gent power,  or  an  increased  tendency  to  convergence,  which 
may  even  amount  to  spasm,  there  is  often  diplopia  within  or 
beyond  a  certain  distance  from  the  eye — a  distance  wliich  not 
only  varies  according  to  the  degree  of  the  abnormality,  but 
also  according  to  the  inclination  of  the  visual  axes  aljove  or 
below  the  horizonttil  plane  of  fixation. 

The  manner  of  testing  for  diplopia,  as  well  as  the  inter- 
pretation of  the  results  thus  obtained,  is  fully  discussed  in 
tlie  chapter  on  muscular  anomalies. 

When  the  diplopia  complained  of  is  found,  in  the  way  already 
described  above,  to  be  monocular,  the  cause  will  generally  be  some 
error  of  refraction  which  has  long  existed  or  has  been  lately 
acquu'ed,  and  a  careful  examination  will  be  necessary  to  dis- 
cover it.    We  liave  first  to  find  out  whether  the  diplopia  lias 
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suddenly  made  its  appearance  or  not.  If  so,  it  may  either  be 
due  to  some  trauma,  or  the  conditions  giving  rise  to  it  may  have 
previously  existed,  and  only  be  observed  owing  to  some  cir- 
cumstance which  has  caused  the  patient's  attention  to  be 
directed  to  it.  If  there  has  been  a  trauma,  we  may  look 
for  irregular  astigmatism,  or  some  refractive  changes,  due 
to  alteration  in  the  position  or  condition  of  the  lens,  &c. 
The  most  common  causes  of  acquired  monocular  diplopia  are 
changes  sometimes  occurring  in  the  lens  during  the  formation 
of  cataract,  and  alteration  of  the  curvature  of  the  cornea  pro- 
duced by  inflammatory  changes. 

The  defect  of  spherical  aberration,  common  to  all  refracting 
surfaces  which  are  not  of  such  a  form  as  to  neutralise  it,  and 
therefore  not  what  is  called  aplanatic,  and  which  in  optical 
instruments  is  practically  to  a  great  extent  overcome  by  a 
centered  system  of  different  curvatures  and  diff'erent  intervening 
distances,  is  to  a  great  extent  also  rectified  in  the  eye,  partly 
owing  to  the  dioptric  arrangements,  and  partly  no  doubt  also 
to  the  isolation  of  each  percipient  element  of  the  retina.  But 
there  is  a  form  of  monochromatic  aberration  in  the  eye  which 
does  not  exist  in  properly  constructed  optical  instruments,  which 
gives  rise  under  certain  conditions  to  polyopia.    This  aberration 
is  due  to  the  circumstance  that  the  foci  for  rays  passing  through 
diff'erent  portions  (sectors)  of  the  crystalline  lens  do  not  all 
coincide.    When  the  eye  is  properly  accommodated  the  want  of 
coincidence  of  the  foci  is  not  sufficient  to  give  rise  to  separate 
images,  the  only  eff'ect  of  the  condition  being  that  the  retinal 
image  of  a  point  is  larger  than  it  would  otherwise  be.    If,  how- 
ever, the  retina  be  out  of  focus,  the  different  images,  instead 
of  partially  overlapping,  are  seen  more  or  less  distinctly  as 
separate  images.     These  images  are  crossed  if  tlie  retina  hes 
in  front  of  the  focal  plane,  and  homonymous  if  it  Hes  behind 
that  plane— that  is  to  say,  on  partially  occluding  the  pupil,  the 
images  of  the  opposite  or  of  the  same  side  disappear  respectively. 
This  kind  of  polyopia  is  very  evident  in  cases  of  faulty  refraction 
(ametropia),  when  a  bright  object  for  which  the  eye  cannot  be 
accommodated  is  fixed,  and  it  is  an  exaggeration  of  this^  pheno- 
menon which  is  the  cause  of  the  polyopia  occurring  in  com- 
mencing cataract.    When  not  due  to  a  trauma,  the  doubling  of 
the  image  in  one  eye,  hitherto  existing,  though  unobserved,  may 
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sometimes  suddenly  force  itself  on  the  attention,  either  owing  to 
increased  retinal  susceptibility  to  impressions,  or  to  some  cause 
having  temporarily  disabled  the  other  eye ;  and  when  once  dis- 
covered it  may  become  more  or  less  troublesome.  In  this  way 
we  sometimes  find  monocular  existing  along  with  binocular 
diplopia,  the  former  being  first  brought  to  notice  by  the  occur- 
rence of  the  latter. 

Metamorpliopsia. — When  distorted  vision,  or  metamorphopsia, 
is  complained  of,  it  should  suggest  either  some  cause  altering  the 
character  of  the  impressions  formed  on  the  retina,  as,  for  instance, 
irregular  astigmatism,  or  some  pathological  change  which  inter- 
feres with  the  normal  manner  in  which  our  judgment  of  the 
shape  of  objects  seen  is  formed.  The  apparent  shape  of  objects 
depends,  in  the  first  place,  on  the  configuration  of  their  retinal 
images ;  it  is  therefore  more  in  accordance  with  their  actual 
shape  the  more  regular  is  the  refraction  of  the  rays  through 
the  dioptric  media  of  the  eye,  and  the  more  accurately  the  rays 
are  focussed  on  the  retina.  For  the  correct  appreciation  of 
form  it  is  further  necessary  that  the  percipient  elements  of  the 
retina  should  be  grouped  according  to  their  normal  arrange- 
ment in  the  focal  surface  of  the  eye,  and  should  all  be  capable 
of  excitation  to  some  extent  at  least. 

There  is  also,  of  course,  the  psychical  element,  which  here, 
as  always  when  there  is  a  question  of  the  interpretation  of 
the  impressions  of  the  senses,  has  to  be  taken  into  account. 
Various  ilhcsions  and  delusions  occur  as  to  form  and  dimensions, 
as  they  do  in  connection  with  other  impressions  and  other 
special  senses.  These  constitute,  however,  for  the  most  part  at 
least,  a  chapter  in  the  physiology  and  pathology  of  the  nervous 
system,  and  do  not  call  for  consideration  as  symptoms  of  dis- 
orders of  the  eye. 

Of  the  size  of  objects,  again,  we  judge  partly  from  the  size 
of  their  retinal  images,  but  as  this,  besides  depending  on  the 
actual  size  of  the  objects,  depends  also  on  their  distance  from 
the  eyes,  the  appreciation  of  size  is  more  correct  the  more 
accurately  the  distance  is  gauged.  In  comparing  the  sizes  of 
two  or  more  objects,  we  are  probably  guided  by  the  apprfeciation 
of  their  retinal  images  alone,  if  they  are  small.  When  of  any 
con.siderable  size,  however,  the  method  of  comparison  is  more 
complicated,  and  depends  chiefly  upon  the  knowledge  gained  by 
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the  muscular  sense  on  running  the  eyes  along  over  the  different 

points  of  the  objects. 

Defects  of  accommodation  give  rise  to  alterations  in  apparent 
size,  owing  to  the  error  in  the  judgment  of  the  distance  of 
objects  within  the  ordinary  range  of  accommodation  which 
results  from  them.    Thus,  where  all  at  once  there  is  a  paresis  of 
accommodation,  and  a  greater  effort  has  to  be  made  in  order  to 
focus  a  near  object  distinctly,  or  to  attempt  to  focus  it  distmctly, 
this  gives  rise  to  an  impression  of  greater  proximity  of  the 
object,  and  as  the  unage  on  the  retina  is  of  course  the  same  size 
as  it  would  be  were  its  distance  more  correctly  estimated,  it 
appears  smaller.    The  micropsia  thus  occasioned  is  often  ^•ery 
marked,  and  is  met  with  both  in  cases  where  the  paresis  is  the 
result  of  a  direct,  and  where  it  is  due  to  a  reflex,  interference 
with  the  functions  of  the  branches  of  the  third  nerve  which 
supply  the  ciliary  muscle.    The  paresis  may  occur  idiopathi- 
cally,  or  be  due  to  the  action  of  a  mydriatic.    Conversely,  a 
spasm  of  accommodation,  from  whatever  cause,  sometimes  gives 
rise  to  macropsia,  as  the  consciousness  of  an  abnormally  feeble 
effort  to  accommodate  the  eye  for  a  near  object  causes  the  object 
to  appear  more  distant,  and  therefore  bigger  than  it  would  be 
otherwise  estimated.    Macropsia  has  been  observed  after  the 
use  of  such  myotics  as  pilocarpine  and  eserine.  Accommodative 
micropsia  is  most  marked  the  nearer  the  object  lies  to  the  eye ; 
accommodative  macropsia,  on  the  other  hand,  the  further  it  is 

removed  from  the  eye. 

But,  besides  metamorphopsia  due  to  defects  in  accommoda- 
tion, there  are  also  similar  misjudgmeiits  as  to  size,  caused  by 
abnormally  impeded  or  facilitated  movements  of  convergence 
of  the  optic  axes,  or  by  any  optical  conditions  which  permit  of 
binocular  fixation  with  the  axes  of  vision  directed  so  as  to  meet 
either  nearer  or  further  off  than  the  object  looked  at.  Thus, 
prisms  with  the  bases  inwards  in  front  of  each  eye  appear  to 
magnify  owing  to  the  axes  of  vision  meeting  further  off  than  the 
objects  looked  at.  Prisms  with  the  bases  outwards  in  front  of 
each  eye  appear,  on  the  other  hand,  to  diminish,  as  under  these 
circumstances  the  axes  of  vision  cross  in  front  of  the  objects  fixed, 
which  appear  nearer  and  consequently  smaller  than  would  be 
the  case  without  the  prisms.  Operations  on  the  muscles  of  the 
eye  are  sometimes,  if  there  has  been  previously  binocular  vision. 
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followed  by  similar  apparent  alteration  in  the  size  of  near 
objects.  Metamorphopsia  due  to  alterations  in  the  percipient 
elements  of  the  retina,  brought  about  by  choroidal  exudation,  is 
described  in  the  chapter  on  diseases  of  the  choroid. 

Scotomata  and  clouded  vision.— When  a  patient  complains 
of  seeing  a  spot  or  spots  in  front  of  the  eye,  we  have  first  to 
inquire  whether  the  appearance  is  stationary  and  constant,  or  is 
only  seen  when  the  eye  is  suddenly  moved,  or  has  an  indepen- 
dent motion.  Its  behaviour  in  these  respects  gives  a  clue 
where  to  look  for  the  cause.  When  stationary  and  always 
projected  in  the  same  direction  with  reference  to  that  taken 
up  by  the  eye,  it  will  either  be  due  to  some  circumscribed 
opacity  of  the  cornea  or  lens,  possibly  also  of  the  vitreous,  or 
to  some  change  in  the  retina.  An  interruption  in  the  field  of 
vision  of  this  last  nature  is  called  a  positive  scotoma.  When 
there  is  no  consciousness  of  an  interruption  corresponding  to 
the  more  or  less  blind  area,  the  scotoma  is  said  to  be  negative. 

Where  a  lesion  primarily  involves  the  nerve  fibres  of  the 
retina  the  resulting  scotoma  is  unperceived  or  negative ;  where, 
on  the  other  hand,  lesions  involving  the  retinal  pigment  and 
choroid  cause  the  scotoma,  there  is  more  or  less  consciousness 
of  its  existence.  This  Foerster  explains  by  assuming  that  there 
is  unequal  stimulation  of  the  light-perceiviug  elements  in  the 
defective  and  surrounding  areas,  the  subjective  sensation 
associated  with  any  lesion  giving  rise  to  torpor  of  the  retina 
being  that  of  relative  darkness.  The  shape  of  a  positive  scotoma 
may  often  be  learnt  by  asking  the  patient  to  draw  the  outline  of  it 
on  a  piece  of  white  paper.  Positive  scotomata  are  generally  most 
marked  in  subdued  light.  Where  the  spot  is  not  stationary  it  is 
generally  due  to  the  shadow  cast  by  something  in  the  vitreous. 
A  less  common  and  very  apparent  cause  is  the  movement  of 
a  dislocated  and  opaque  lens.  Small  spots,  or  muscm  volitantes, 
which  cannot  be  detected  with  the  ophthalmoscope,  are  very 
commonly  complained  of  (see  muscat).  Clouded  vision  is  often 
met  with,  and  should  direct  attention  to  the  choroid  or  to  the 
possible  existence  of  glaucoma.  If  intermittent  in  its  char- 
acter, there  will  often  be  reason  to  suspect  glaucoma.  Patients 
suffering  from  glaucoma  often  complain  of  seeing  everything 
clouded  even  when  found  on  examination  to  have  full  visual 
acuity. 
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Sensations  of  light  and  co/o«.r.— These  may  arise  even  when 
there  is  no  objective  cause  to  account  for  them— that  is,  even 
when  no  undulations  of  the  ether,  such  as  are  capable  of  giving 
rise  to  luminous  impressions,  find  their  way  to  the  retina.  A 
purely  subjective  sensation  of  this  kind  may  be  the  result  of  a 
mechanical  or  chemical  stimulation  of  the  nerve  fibres  of  the 
retina  or  optic  nerve,  or  of  the  centres  of  vision.  The  light  so 
seen  may  appear  coloured  or  uncoloured,  according  to  the  site 
and  nature  of  the  stimulation.  Further,  under  certain  cu^cum- 
stances,  coloured  luminous  impressions  may  be  received  when 
the  objective  source  is  of  a  nature  which  should  only  give  rise 
normally  to  uncoloured  light  sensations.  This  may  be  due 
eitlier  to  causes  which  separate  the  compound  white  light  into 
its  constituent  rays,  or  to  such  as  give  rise  to  a  selection  of  some 
rays,  and  at  the  same  time  a  greater  or  less  absorption  of  others. 

Direct  pressure  over  a  portion  of  the  eye  behind  its  equator 
produces  in  the  dark  a  so-called  phosphcnc  or  sensation  of 
light,  which  is  referred  to  the  opposite  side  of  the  field  of 
vfsion.  If  a  similar  pressure  be  made  in  the  light  instead  of 
in  the  dark,  it  is  a  darkish  spot  which  is  seen,  the^  retina 
being  apparently  rendered  by  such  mechanical  irritation  less 
responsive  to  stimulation  by  light.  The  slight  stretching  to 
which  the  retina  is  subjected  by  the  action  of  the  ciliary  muscle 
also  gives  rise  on  its  sudden  discontinuance  to  a  faint  phosphene, 
which  may  be  experienced  by  siiddenly  relaxing  the  accom- 
modation in  the  dark.  Phosphenes  also  occur  in  stramed 
movements  of  the  eye.  These  appear  to  be  most  marked  on 
turning  the  eye  upwards,  and  are  probably  due  more  to  mter- 
mittent  pressure  of  the  oculo-motor  muscles  in  the  eyeball  than 
to  stretching  of  the  optic  nerve  by  the  movement. 

The  presence  or  absence  of  colour  in  the  phosphenes,  due  to 
stretching  of  the  retma  from  any  cause,  may  be  of  importance 
as  affording  some  indication  of  the  portion  stretched,  apart  from 
that  which  is  indicated  by  the  locality  of  the  field  to  which  they 
are  projected.  The  most  peripheral  portions  of  the  retina  are 
either  totally  colour  blind,  or  require  a  very  much  greater 
stimulation  to  give  rise  to  coloured  impressions  than  more 
central  portions.  Consequently,  when  they  alone  are  mechani- 
cally stimulated  the  phosphenes  are  colourless.  As  a  general 
rule,  indeed,  colourless  phosphenes  are  due  to  stretching  of  the 
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anterior  part  of  the  retina.  Such  colourless  and  indefinite 
phosphenes  are  complained  of,  too,  where  there  is  slight  cyclitis. 
They  take  the  form  of  more  or  less  incomplete  circles,  and,  as 
they  are  not  constant,  are  in  all  probability  brought  about  by 
movements  of  the  ciliary  muscle,  which  cause  dragging  of,  or 
pressure  on,  the  hypersensitive  anterior  part  of  the  retina. 

A  common  cause  of  coloured  vision,  owing  to  a  change  pro- 
duced on  the  compound  rays  of  white  light  as  they  enter  the 
eye,  is  afforded  by  those  states  of  the  cornea  which  give  rise  to 
diffraction.  In  looking  at  the  street  lamps,  for  instance, 
through  the  glass  of  a  carriage  window,  which  is  covered 
with  the  closely  packed  particles  of  moisture  which  arise 
from  the  condensation  on  it  of  the  vapour  within,  one  fre- 
quently notices  the  lights  surrounded  by  coloured  haloes.  The 
same  appearance  may  sometimes  be  observed  without  the 
intervention  of  the  glass,  and  it  is  then  usually  pathological  and 
due  to  a  similar  arrangement  of  intransparent  particles  in  the 
cornea.  This  symptom  of  seeing  haloes  round  lights  is  one  of  the 
commonest  and  most  important  indications  of  the  early  stage  of 
glaucoma.  Although  a  frequent  symptom  in  glaucoma,  sucli 
coloured  haloes  are  by  no  means  pathognomonic  of  that  disease. 
They  may  be  seen  in  all  cases  where  the  cornea  assumes  from 
any  cause  a  diffuse  cloudiness.  Even  the  secretion  which  in 
some  cases  of  conjunctivitis  gathers  across  the  cornea  may  give 
rise  to  them.  When  spontaneously  complained  of,  and 
especially  when  there  is  no  appearance  in  the  cornea  at  the 
time  of  examination  to  account  for  the  halo,  and  when,  too,  it 
does  not  disappear  on  rubbing  the  eyes,  its  existence  is  strongly 
suggestive  of  glaucoma. 

Test  for  the  presence  of  binocular  'cision. — It  is  sometimes 
necessary  to  determine  whether  in  any  case  binocular  vision 
exists  or  not.  Tliis  may  be  done  with  a  stereoscope  and  suitably 
selected  pictures,  or  by  Hering's  method. 

I  havo  found  the  following  a  convenient  stereoscopic  test  to  adopt. 
The  test  consists  in  altering  simultaneously  the  pictures  presented  in 
the  stereoscope  to  either  eye,  so  that  the  impression  given  also  varies. 
If,  for  instance,  in  Fig.  G,  tlie  small  circles  occupy  the  positions  A  and 
B  respectively,  the  stereoscopic  impression  is  that  of  a  liolloin  cylinder 
or  cone,  with  the  small  circle  ap]iearing  further  away  than  the  largo 
one.  On  the  other  hand,  when  the  small  circles  come  into  the  posi- 
tions iV  and  B',  the  cone  ap])('ars  in  relief  and  solid,  the  small  circle 
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appearing  next  the  eyes.  If  all  stages  of  the  transition  between  these 
two  positions  be  presented  to  the  eyes  (as  is  done  by  a  simple 
mechanism  causing  a  lateral  approximation  and  separation  of  the 
small  circles)  the  stereoscopic  effect  is  one  of  movement  m  the  third 
dimension.  The  small  circle  then  appears  to  rise  from  a  plane  lower- 
than  the  picture  to  one  which  lies  nearer  the  eyes.  This  apparent 
movement  is  so  evident,  especially  if  the  expermient  be  made  m  semi- 
darkness,  that  young  children  can  at  once  say  Avhether  they  can  see  it 
or  not.    Seeing  it  implies  the  existence  of  binocular  vision. 

lu  Heriug's  method  the  patient  is  caused  to  look  with  both 
eyes  through  a  tube  blackened  inside,  and  across  one  end  of  wliich 
a  string  is  stretched.  If  a  small  object,  such  as  a  bead  or  pea,  be 
dropped  immediately  in  front  of  or  behind  the  thread,  any  one 
with  binocular  vision  can  at  once  tell  whether  it  has  fallen 


I'iG.  6.— Changeable  stereoscopic  test  for  binocular  vision. 

nearer  to  his  eyes  or  further  away  from  them  than  the  thread. 
If  binocular  vision  be  absent,  a  few  trials  show  that  the  relative 
distances  of  the  falling  object  and  thread  cannot  be  appreciated. 


EuRTHER  Objective  Examination. 

TU  (examination  of  tU  eye  hy  oblique  focal  illumination  is  of 
tlie  utmost  importance,  and  should  always  be  undertaken  before 
making  an  ophthalmoscopic  examination.  It  is  done  m  the 
following  way.  The  rays  from  the  source  of  light  used  for 
ophthalmoscopic  examinations  are  concentrated  by  means  of  a 
convex  lens  on  the  cornea.     By  slight  movements  the  focus  of 
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light  is  made  to  fall  on  different  parts  of  the  cornea,  and  thus 
show  up  any  imperfection.  By  its  means  any  cicatrix,  however 
faint,  can  be  detected.  By  approaching  the  lens  slightly  to  the 
eye  the  surface  of  the  iris  may  be  brilliantly  illuminated,  and 
more  thoroughly  examined  than  by  mere  inspection  without  the 
concentrated  light.  When  there  is  any  infiltration  or  deposit  of 
any  other  kind  in  the  cornea  which  calls  for  closer  examination, 
the  oblique  examination  may  be  combined  with  some  method  of 
magnification.  If  the  observer  be  shortsighted,  he  may  be  able 
to  approach  sufficiently  near  to  obtain  a  good  large  image ;  but 
if  not,  another  convex  lens  may  be  held  in  the  other  hand,  and 
the  illuminated  cornea  observed  through  it.  A  rectangular 
portion  of  a  large  lens  is  very  suitable  for  this  purpose,  as  it 
admits  of  the  structures  being  seen  binocularly.  A  better  idea 
is  thus  got  of  their  relative  depths.  For  the  more  minute 
examination  of  corneal  affections  it  is  customary  to  use  a  strong 
convex  glass  placed  behind  the  ophthalmoscope. 

The  action  of  the  'pu'pil,  and  the  degree  to  which  it  contracts 
to  light,  may  be  tested  by  reflecting  light  on  the  eye  by  means 
of  the  ophthalmoscope  mirror.  In  this  way  the  light  can  be 
flashed  on  and  off'  with  a  very  slight  movement  of  the  hand 
holding  the  mirror.  Its  intensity  can  be  altered  by  altering  the 
distance  of  the  mirror  from  the  eye,  Or  the  strength  of  the 
source  of  illumination,  which  can  readily  be  done  if  a  gas  jet  be 
used.  By  keeping  a  constant  degree  of  illumination  on  the 
eyes,  and  directing  the  patient  to  keep  fixing  the  finger,  as  it  is 
approached  gradually  nearer  and  nearer  to  the  face,  the  presence 
or  absence  of  contraction  of  the  pupils,  which  is  normally 
associated  with  accommodation  and  the  convergence  of  the 
visual  axes,  is  tested.  Even  in  cases  where  the  patient  examined 
is  blind,  the  presence  of  a  relation  between  convergence  and 
pupillary  contraction  may  be  tested  by  causing  him  to  attempt 
to  look  at  his  own  finger  as  he  brings  it  nearer  and  nearer  to  his 
eyes.  This  will  cause  him  to  converge,  and  if  there  exists  an 
associated  pupillary  contraction  it  will  then  be  seen. 

Examination  with  the  mirror  alone. — The  central  aperture  of 
the  mirror  is  held  in  front  of  the  observer's  eye,  while  the  mirror 
is  given  such  a  direction  that  the  light  is  reflected  into  the  eye  to 
be  examined.  As  a  rule,  all  that  is  seen  by  the  observer,  whose 
eye  is  placed  behind  the  mirror,  when  light  is  reflected  into  tlie 
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patient's  eye  with  the  mirror  held  at  some  distance  from  it,  is  a 
yellowish-red  reflection  from  the  back  of  the  eye.     If  there  is 
any  detail  seen  in  the  red  area  of  reflected  light,  it  mdicates 
that  the  eye  examined  is  out  of  focus,  either  long  or  short- 
sighted ;  in  other  words,  that  there  is  ametropia.    On  the  other 
hand  if  the  red  reflex  is  either  not  seen  at  all  when  the  light 
has  been  properly  directed  into  the  eye,  or  is  found  to  be  much 
duller  than  under  normal  conditions,  or  if  it  is  interrupted  here 
and  there  by  more  or  less  dark  spots,  the  indication  thus  afforded 
is,  that  there  is  a  diffuse  or  circumscribed  opacity  or  opacities  m 
one  or  more  of  the  transparent  media  of  the  eye.    If,  on  obhque 
examination,  such  opacity  has  not  been  found  to  exist  m  the 
cornea  or  lens,  it  may  be  inferred  that  it  is  in  the  vitreous.  it 
the  opacities  have  an  independent  movement,  or  are  what  is 
called  "  floating,"  they  are  at  once  recognised  to  be  m  the  vit- 
reous   If  the  opacity  causing  the  interruption  in  the  red  reflex^ 
is  stationary,  it  is  observed  to  have  no  movement  independent  ot 
the  eye,  although  there  is  an  apparent  movement  as  the  eye  is 
moved  which  is  greater  or  less  according  to  the  position  ot  tlie 
opacity    If  it  lies  behind  the  centre  of  curvature  of  the  cornea 
(or  more  correctly,  the  image  of  that  point  which  lies  very  near 
the  point  itself),  it  appears  to  move  in  the  opposite  dn^ection 
from  the  eye.    If  it  occupies  a  position  in  front  of  the  centre  ot 
curvature  of  the  cornea,  it  appears  to  move  in  the  same  direction 
as  the  eye  while  the  nearer  it  is  to  that  point  the  less  does  it 
appear  to'  change  its  position.     Floating  opacities  are  most 
readily  made  out  by  causing  the  patient  to  move  his  eyes  rapidly 
in  different  directions,  and  then  to  keep  them  steady,  ihe 
obiects  thus  come  into  view  in  the  illuminated  area.  Opacities 
in'the  lens  may  be  limited,  and  can  often  only  be  seen  if  the 
pupil  be  well  dilated  with  a  mydriatic.  .  ,    ^  ^ 

There  are  Udo  metliods  of  oUaining  an  image  of  the  fundus 
of  the  eye  with  the  ophthalmoscope,  known  as  the  ivdircct  and 
direct  methods  of  examination.  The  former  is  general  y  pre- 
ferable, and  in  most  cases  all  that  is  required ;  but  when  an 
examination  by  this  method  does  not  afford  an  explanation  tor 
an  existing  visual  defect,  or  when  it  is  desired  to  study  more 
closely  any  pathological  changes,  the  direct  examination  should 
be  made  in  addition,  as  by  it  a  much  greater  magnification  is 
obtained.    Special  attention  should  be  directed— (1.)  to  the 
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optic  disc,  and  notice  taken  of  its  colour,  the  size  and  condition 
of  the  larger  vessels  which  lie  on  it,  and  the  state  of  the  imnie- 
diately  surrounding  parts ;  (2.)  to  the  periphery  of  the  fundus, 
by  causing  the  patient  to  look  up  and  down,  to  either  side,  and, 
if  necessary,  slightly  moving  one's  position  so  as  to  bring  the 
most  peripheral  portions  into  view  ;  and  (3.)  to  the  macula  lutea. 
The  examination  of  the  region  of  the  macula  lutea  is  often 
difficult.  This  is  owing  to  the  greater  contraction  of  the  pupil, 
which  takes  place  when  the  light  is  concentrated  on  the  macula. 
In  addition  there  is  a  disturbing  effect  produced  by  light  reflected 
from  the  cornea.  It  is  generally  best  not  to  ask  the  patient  to 
look  directly  at  the  ophthalmoscope,  but  slightly  to  one  side, 
and  then  by  slowly  moving  one's  head  bring  the  macula 
into  sight.  In  this  way  a  view  of  it  is  often  more  easily 
obtained.  Often,  however,  it  is  impossible  to  get  a  satisfactory 
view  of  the  macula  without  dilating  the  pupil,  "When  the 
appearance  met  with  at  other  parts  of  the  fundus  is  not  suffi- 
cient to  account  for  the  symptoms,  there  should  be  no  hesitation 
about  using  a  mydriatic  in  order  to  be  able  to  explore  the 
macula  properly.  It  should  be  a  rule  never  to  leave  a  case 
without  having  seen  it  thoroughly. 

The  best  mydriatic  for  the  purpose  is  homatropine,  as 
it  does  not  produce  such  a  prolonged  paralysis  of  accom- 
modation as  atropine,  though  it  has  the  disadvantage  of 
acting  considerably  more  slowly.  It  is  also  safer  in  the  case  of 
old  people,  in  whom,  if  there  is  a  tendency  to  glaucoma,  an  acute 
attack  of  that  disease  is  more  likely  to  be  set  up  by  atropine 
than  by  the  weaker  mydriatic.  The  effect  of  homatropine  may 
be  hastened  by  combining  it  with  cocaine. 

By  the  indirect  method  of  examination,  a  magnified  inverted 
image  is  obtained  of  the  structures  at  the  back  of  the  eye.  The 
observer,  placing  the  back  of  the  ophthalmoscope  mirror  in 
front  of  his  eye  in  such  a  manner  that  he  looks  through  the 
aperture  in  its  centre,  reflects  the  light  from  a  lamp  or  gas  jet 
at  the  side  of  the  patient's  head,  into  the  patient's  eye,  and  from 
a  distance  of  12  to  18  inches.  With  the  other  hand  he  holds  a 
convex  lens  of  a  strength  of  from  10  to  15  dioptres,  in  such 
a  manner  that  its  centre  comes  to  lie  in  a  line  joining  the 
patient's  pupil  with  his  own  pupil,  and  at  a  distance  from 
the  patient's  eye  about  equal  to  the  focus  of  the  lens.  The 
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same  lens  should  always  be  used  iu  making  examinations, 
so  as  to  o-ive  a  uniform  idea  of  the  relative  sizes  of  the  differ- 
ent pictures  obtained.     To  steady  the  lens  in  this  position, 
it  is  customary  to  rest  the  little  finger  against  the  patients 
forehead     There  is  then  formed  an  inverted  aiirial  miage  o 
some  part  of  the  back  of  the  eye  between  the  convex  lens  and 
the  observer,  which  the  observer  can  see  if  his  eye  is  properly 
accommodated  for  the  distance.    By  moving  the  head  back  and 
forwards  the  position  in  which  the  image  can  be  most  distmctly 
seen  is  soon  foxmd.    It  wHl  be  further  away  the  greater  is  the 
distance  of  the  observer's  near  point.     Hypermetropes  and 
presbyopes  generally  aid  their  accommodation  by  brmgmg  a 
small  convex  lens  behind  the  aperture  of  the  ophthalmoscope 

By  the  direct  examination  a  magnified  erect  image  of  the 
back  of  the  eye  is  obtained.     The  observer  keeping  his  eye 
behind  the  aperture  in  the  ophthalmoscope,  reflects  the  light 
into  the  patient's  eye  from  a  distance  of  less  than  two  inches, 
and  receives  the  rays  which  pass  back  from  the  patient  s  eye 
into  his  own,  and,  focussing  them  on  his  retma,  obtains  an 
ima<^e  of  the  structure  from  which  they  have  been  reflected. 
If  the  observer  be  emmetropic,  and  the  patient  emmetropic 
and  unaccommodated,  the  image  is  obtained  by  the  eye  with- 
out any  accommodation.    If,  on  the  other  hand,  the  patients 
eve  be  hypermetropic,  the  observer  will  have  to  exert  a  pro- 
portionate amount  of  accommodation,  or  place  a^  convex  ens 
sufficient  to  correct  the  hypermetropia  behind  the  aperture 
in  the  ophthalmoscope  in  order  to  obtain  a  clear  image  of  the 
fundus    If  the  patient  or  the  observer  be  myopic,  the  latter 
will  only  obtain  a  proper  definition  of  the  image  of  the  fundus 
by  making  the  examination  through  a  concave  lens  of  sufficient 
strenath  placed  behind  the  ophthalmoscope.     It  follows,  too, 
that  if  the  observer  be  myopic,  and  the  patient  hypermetropic  or 
mcc  versa,  no  lens  or  accommodative  effort  will  be  reqmred,  if 
the  amount  of  the  defects  neutralise  each  other ;  while,  if  they  do 
not  the  glass  or  accommodative  change  correspondmg  to  the 
difference  in  the  degree  of  ametropia  is  required  to  obtain  a 
distinct  image.    This  is  more  fully  explained  in  the  chapter  on 
refraction,  and  cannot  be  properly  understood  unless  the  reader 
has  some  knowledge  of  the  errors  of  refraction  commonly  met 
with. 
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Both  with  regard  to  iUumination  and  magnification,  the 
fundus  of  the  eye  is  seen  in  a  very  different  manner  from  any 
other  part  of  the  body.  It  is  this  which  in  great  measure 
causes  the  difficulty  of  interpreting  what  one  sees.  It  is 
customary  to  make  use  of  tlie  disc  as  a  convenient  measure 
with  which  to  compare  the  size  of  any  change  seen,  or  to  gauge 
the  distance  separating  such  changes  from  each  other,  or  from 
any  point  (often  conveniently  the  disc  itself).  Thus  we  might 
talk  of  some  luemorrhage  or  other  spot  in  the  retina  being 
about  half  the  diameter  of  the  disc  in  size,  and  situated  rather 
more  than  two  diameters  of  the  disc  below  it. 

The  relative  depth  of  the  different  parts  of  the  back  of  the 
eye,  seen  with  the  ophthalmoscope,  can  be  estimated  with 
tolerable  accuracy  by  noting  the  number  of  the  lens  which  the 
unaccommodated  eye  requires  to  obtain  a  clear  definition,  and 
allowing  roughly  3  dioptres  to  1  millimetre.  By  the  indirect 
examination  differences  in  depth  are  rendered  apparent  by 
the  parallactic  displacement  which  takes  place  when  the  con- 
vex lens  is  given  a  slight  movement  from  side  to  side.  The 
structures  lying  nearer  to  the  eye  then  appear  to  glide  over 
the  deeper-lying  parts  as  their  image  moves  more  rapidly  in 
the  same  direction  as  the  lens. 

A  fairly  good  stereoscopic  view  of  the  fundus  is  got  with 
the  binocular  ophthalmoscope  of  Giraud-Teulon,  which  is  so 
arranged  by  means  of  two  rhomboidal  prisms,  the  angles  of 
which  are  45°  and  135°,  meeting  at  their  acute  angles  behind, 
and  at  the  centre  of  the  aperture  of  the  mirror,  that  the  aerial 
image  can  be  seen  with  both  eyes  at  the  same  time. 

Many  forms  of  ophthalmoscope  are  in  use,  differing  from 
each  other  mainly  in  the  kind  of  mirror  used,  and  the  arrange- 
ment for  bringing  different  lenses  behind  the  aperture.  For 
estimating  refraction,  it  is  of  advantage  to  be  able  to  bring  any 
lens  behind  the  mirror  without  losing  sight  of  the  fundus,  and 
this  can  be  done  with  most  modern  instruments.  But  there  is  a 
tendency  to  multiply  the  number  of  lenses  and  introduce  refine- 
ments in  the  mechanism  of  hanging  the  mirror,  &c.,  which  only 
add  to  the  cost,  without  in  the  least  increasing  the  practical 
usefulness  of  the  particular  ophthalmoscope.  The  difference 
in  the  focal  strength  of  the  weaker  lenses  should  not  be  less 
than  one  dioptre. 
3 
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NoEMAL  Fundus  Oculi  as  seen  with  the  Ophthalmoscope. 

A  great  variety  of  different  ophthalmoscopic  pictures  are 
presented  by  altogether  normal  states  of  the  back  of  the  eye. 
Indeed,  the  art  of  ophthalmoscopy  consists  quite  as  much  m 
recognising  the  physiological  varieties  met  with,  and  m 
diagnosing  the  healthy  fundus,  as  in  understanding  the  nature 
of  any  pathological  changes  which  may  be  present.  It  is  usually 
a  comparatively  easy  thing  to  recognise  the  different  diseases  of 
the  fundus  oculi,  often  very  difficult  to  feel  sure  that  there  are 
no  pathological  changes. 

The  colour  which  the  fundus  presents,  and  the  amount 
of  detail  which  can  be  made  out,  besides,  of  course,  depending  to 
some  extent  on  the  illumination  and  magnification  of  the 
ophthalmoscope,  vary  according  to  the  density  of  pigmentation 
in  the  hexagonal  cells  of  the  retina.  The  red  colour  comes  from 
the  vessels  of  the  choroid,  but  is  modified  by  the  pigment  m  the 
retinal  hexagonal  cells.  The  degree  of  pigmentation,  again,  bears 
a  pretty  close  relation  to  the  pigmentation  elsewhere,  so  that  a 
different  appearance  is  usually  presented  by  the  eye  of  a  very 
dark  individual  when  compared  with  that  of  a  light-haired  one. 
In  the  two  extremes,  viz.,  the  eye  of  the  negro  on  the  one 
hand,  and  of  the  albino  on  the  other,  the  difference  is  very 

pronounced.  .         t  ,  j 

Apart  from  the  actual  depth  of  colour,  it  is  usual  to  find  a 
want  of  absolute  uniformity  of  colour.    The  three  regions  where 
one  most  frequently  notices  differences  in  this  respect,  are  the 
periphery  the  area  immediately  surrounding  the  disc,  and  the 
macula  lutea.    In' the  periphery  there  is  often  more  or  less 
absence  of  pigment,  causing  a  lighter  colouration  and  greater 
visibility  of  the  subretinal  structures.    Bound  the  disc,  on  the 
other  hand,  a  lighter  colouration  is  often  observable,  owing  to 
light  reflected  from  the  nerve  fibre  layer.    In  the  region  of  the 
macula  again,  where  the  pigmentation  is  greater,  there  is  always 
an  increased  depth  of  colour.    A  certain  regular  unevenness  in 
the  colour  of  the  fundus  throughout,  givmg  rise  to  a  stippled 
appearance,  is  more  or  less  recognisable  in  different  cases  by  the 
magnification  obtained  on  direct  examination. 

OMicdmoscopic  Appearances  of  the  Bctina  in  Health.— 
The  retina,  with  the  exception  of  its  larger  blood-vessels,  or 
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more  correctly,  of  the  blood  column  in  the  vessels,  is  so  trans- 
parent that  in  most  parts  it  is  practically  invisible.  In  some 
eyes  there  is  to  be  seen,  and  particularly  in  the  neighbourhood 
of  the  macula,  a  kind  of  dull  sheen  of  reflected  light  from  the 
surface  of  the  retina.  In  many  eyes,  too,  there  is  a  more  or  less 
marked  striation  visible,  stretching  from  the  disc  for  some 


Fig.  7.— Nonrical  Fundus. 


distance  in  all  directions,  but  mostly  upwards  and  downwards. 
This  striation  is  due  to  the  presence  of  the  nerve  fibres  which 
spread  over  the  retina,  and  which  in  this  position  form  a 
thicker  layer  than  elsewhere. 

The  macula  hitea,  or  yellow  spot,  is  an  area  occupying  the 
centre  of  the  retina  in  the  direct  line  of  vision,  its  centre  or 
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fovea  centralis  being  that  l-^^on  in  which  the  visual  a^^^^^^^^ 
greatest,  and  on  which,  therefore,  the  images 
"fixed"  fall    The  macnla  is  recognised  by  its  occupying  a 
pos'fon  to  the  outer  side  of  the  disc,  its  centre  being  about 
?wo  diameters  of  the  disc  from  the  disc  -^^^^^^"^^ 
relatively  devoid  of  visible  blood  vessels,  and  by  its  darker 
collation.    Sometimes  it  is  -J^^^^^f 
a  bright  glittering  band  or  "halo"  of  reflected  light  At 
the  centre  of  this  halo,  which  is  more  or  less  distinctly 
elongated  in  a  horizontal  direction,  lies  the  /o.m  ccntrahs,  a 


/  \ 
f  \ 

/  1 

T  ^ 

V  \ 

whitish,  pinkish-white,  or  straw-coloured  spot,  often  V^^^^^i 
I  the  same  time  a  very  marked  glitter.  The  horizon  a 
diameter  of  the  macula  is  generally  distmctly  g^^-  "  *f 
diameter  of  the  disc;  its  vertical  dmmeter,  on  the  »  he.  land 
perhaps  hardly  great  as  that  o  the  disc.  J'  jleep  ^ 
pigmentation  is  sometimes  pretty  sharply  defined,  bu  mo  e 
otL  gradually  fades  off  into  the  colour  of  the  surrounding 
?midus  The  yellow  colour  of  the  macula  is  never  seen  owing 
no  doubt,  to  the  preponderance  of  yellow  rays  in  the  ight  used 
?or  examination.  The  halo  round  the  macida  is  mostly  seen  m 
children,  and  especially  in  deeply  pigmented  retins,  and  hypei- 
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metropic  eyes.  The  band  of  reflection  producing  it  gradually 
fades  off  to  both  sides,  sometimes  sending  indefinite  streamers 
of  reflection  beyond,  particularly  to  the  outer  side,  or  that 
furthest  from  the  disc.  It  is,  however,  usually  pretty  sharply 
defined  along  the  edge  lying  nearest  the  fovea,  where  it  borders 
the  more  deeply  pigmented  area.  Often  a  complete  halo  is  not 
seen,  but  only  a  sickle-shaped  portion  of  it.  The  concavity  of 
the  sickle  then  appears  on  indirect  examination  turned  towards 
the  middle  line,  though  this  may  depend  to  some  extent  on  the 
position  given  to  the  convex  lens.  The  reason  why  the  ring  is 
not  seen  in  the  same  way  on  direct  examination  is  partly 
because  of  the  different  direction  of  the  illuminating  rays,  and 
partly  because  the  illumination  is  feebler.  With  a  short  focus 
concave  mirror  there  may  be  more  or  less  indication  of  it  on 
direct  examination  in  cases  where  it  is  marked  in  the  inverted 
image. 

Often  at  other  parts  of  the  retina,  too,  in  young  individuals, 
reflections  similar  to,  though  less  defined,  than  that  round  the 
macula,  are  seen  as  bands  of  light  beside  and  between  the 
larger  vessels.  The  appearance  of  these  reflections  is  not  unlike 
watered  silk.  It  is  most  marked  in  hypermetropes,  and  most 
distinct  if  the  pupil  be  not  dilated. 

The  appearances  described  above  as  retinal  reflections  are  produced 
by  regular  reflection  from  the  surface  of  the  retina,  the  refractive 
index  of  which  differs  from  that  of  the  vitreous.  The  light  by 
which  the  various  details  of  the  ophthalmoscopic  picture  is  obtained, 
on  the  other  hand,  is  the  irregularly  reflected  or  scattered  light 
from  the  fundus.  Different  conditions  determine  the  extent  and 
distinctness  of  the  retinal  reflections,  viz.,  the  macular  halo, 
fovea!  glitter  and  the  bands  of  light  along  and  between  the  larger 
vessels.  They  depend  upon  the  contour  of  the  retina  at  different 
places,  upon  the  extent  to  which  the  pupil  is  filled  by  the  rays 
reflected  into  the  eye  (or  the  shape  of  the  area  of  illumination  of  the 
pupil),  upon  the  intensity  of  the  illumination,  and  probably  also  upon 
individual  differences  in  the  proportion  between  the  refractive  indices 
of  the  vitreous  and  retina.  The  intensity  of  illumination  depends  not 
only  upon  that  of  tlie  source  of  light,  but  also  upon  the  size  of  the 
pupil ;  while  the  configuration  of  the  area  of  illumination  of  the  pupil 
varies  with  the  form  of  ophthalmoscope  used,  and  the  manner  in 
which  the  light  is  reflected  by  it.  Most  of  the  regularly  reflected 
rays  of  light  from  the  retina  of  the  eye  examined  do  not  leave  the  eye 
in  such  a  direction  as  to  pass  through  the  aperture  of  the  ophthal- 
moscope, and  thus  enter  the  observer's  eye.    It  is  only,  therefore,  from 


38  EXAMINATION  OF  THE  EYE. 

those  parts  of  the  retina,  the  contour  of  which  is  such  as  to  give  rise 
to  images  from  which  rays  pass  through  the  pupil  sufficiently  near 
the  observer's  Hue  of  vision,  that  light  reflections  are  seen.    Yar  oiis 
explanations  have  been  given  of  the  manner  m  which  these  reflections 
are  formed  from  supposed  irregularities  m  the  surface  of  tlie  retma^ 
It  is  only  recently,  and  mainly  by  Dimmer,  that  the  appearances  have 
been  caref^Uly  studied,  and  satisfactorily  explamed  m  accoixiance  with 
actually  observed  anatomical  peculiarities  in  the  configuration  of  t  e 
retinal  surface.    He  has  shown  that  the  halo  surroundmg  the  macula 
is  caused  by  regidar  reflection  from  a  circular  elevation  in  this  situa- 
tion produced  by  a  greater  thickness  of  the  nerve  fibre  layer,    it  s 
owing  to  individual  differences  in  the  size  and  completeness  of  this 
circular  elevation  that  differences  occur  in  the  form  of  the  I'^flect  on 
from  it,  even  when  the  other  conditions  which  render  the  reflection 
visible  are  equallv  favourable.    The  glittering  spot  at  the  fovea  is  the 
visible  portion  of 'an  image  of  the  area  of  dlummation  of  the  pupil  (or,  . 
more  cirrectly,  of  the  reflecting  area  of  the  ophthalmoscope  mirror  , 
formed  by  the  short  focus  reflecting  concave  surface  of  the  central  pit 
or  depression.    Many  of  the  larger  vessels  of  the  retina  extend  some- 
what beyond  its  imier  surface,  and  this  gives  rise  to  concave  cylincliicai 
surfaces  of  short  focus.    It  is  by  reflection  from  these  surfaces  hat 
the  bands  of  light  following  the  vessels,  and  which  are  often  seen  to 
lie  in  a  plane  appreciably  nearer  the  eye  of  the  observer  than  the 
vessels  themselves,  are  caused. 

The  vessels  of  the  retina,  which  appear  as  darker  lines  on 
the  reddish  fundus,  are  seen  to  spring  from  the  disc,  or  intra- 
ocular termination  of  the  optic  nerve.    The  arteries  and  vems 
are  distinguished  from  each  other  in  three  ways,  viz.:— (1)  by 
the  diameter  of  the  blood  column,  that  is  to  say,  by  their 
apparent  relative  sizes;  (2)  by  their  colour;  and  (3)  by  the 
manner  in  which  they  reflect  light.    The  column  of  blood  m  the 
arteries  is  narrower  than   that  in   the   correspondmg  and 
,    accompanying  veins.    The  colour  of  the  arterial  blood  is  lighter, 
and,  lastly,  a  very  broad  band  of  light  redcUsh  reflection  is  seen 
running  down  the  centre  of  the  artery.    A  streak  of  light  is 
seen  on  the  veins  as  well.    It  differs  fi'om  that  on  the  arteries  m 
being  whiter  and  much  narrower.    It  cannot  be  traced  so  far 
along  the  course  of  the  veins,  and  is  often  seen  to  be  interrupted 
at  places.    The  distinctness  of  the  line  is  greater  in  both  arteries 
and  veins,  the  stronger  the  illumination  of  the  fundus.  The 
larger  the  pupil,  therefore,  the  more  distinct  does  the  appear- 
ance become.    An  enlargement  of  the  pupil  produces,  besides, 
an  increase  in  the  breadth  of  the  line  on  the  veins,  but  does 
not  lead  to  any  similar  alteration  of  that  on  the  arteries. 
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The  light  streak  on  the  veins  is  in  all  probability  caused  by 
reflection  from  the  convex  surface  of  the  blood  column,  the 
refractive  index  of  which  differs  from  that  of  the  transparent 
walls  of  the  vessels.  The  line  on  the  arteries  has  usually  been 
referred  to  the  same  cause,  its  greater  distinctness  being 
supposed  to  be  due  to  greater  difference  in  the  refractive  indices 
of  the  arterial  blood  and  the  retina.  It  has,  however,  been 
pretty  conclusively  shown  recently  by  Dimmer  that  this  is  not 
the  case,  but  that  it  is  caused  by  reflection  from  the  blood- 
corpuscles  of  the  axial  current. 

The  explanation  offered  above  to  account  for  the  light  streak  on  the 
veins  was  first  given  by  Y.  Jaeger,  and  was  by  him  assumed  to  hold 
good  in  the  case  of  the  arterial  light  streak  as  well.  The  following 
points  have  been  urged  by  Dimmer  in  proof  of  the  correctness  of 
V.  Jaeger's  explanation  as  far  as  the  veins  are  concerned : — If  the 
ilhiminated  pupil  be  taken  as  the  object  whose  image  is  reflected  from 
the  convex  cylindrical  mirror  formed  by  the  blood-column,  then  the 
streak  has  the  breadth  which  it  should  have  if  it  be  caused  by  the 
rays,  which,  passing  from  the  reflected  image  through  the  pupil  of 
the  eye  examined,  are  seen  by  the  observer.  It  mcreases  in  breadth, 
too,  as  it  should  then  do,  on  the  enlargement  of  the  pupil.  The  line 
of  light  is  white,  just  as  it  is  found  to  be  in  experiments  where  a 
reflection  undoubtedly  does  take  place  from  the  convex  smface  of  a 
column  of  liquid.  It  is  too  narrow  to  be  produced  by  reflection  from  the 
corpuscles  contained  m  the  axial  blood-current.  In  dogs,  the  broad 
streak  which  is  seen  on  the  veins  imder  normal  conditions  of  circula- 
tion is  changed  into  a  much  narrower  streak  Avhen  the  blood-current 
is  arrested  by  ligaturing  the  optic  nerve.  The  narrower  streak,  which 
then  takes  the  place  of  the  broad  one,  corresponds  in  breadth  to  what 
it  should  be  from  calculation. 

On  the  other  hand,  the  reasons  for  believing  the  light  streak  on  the 
arteries  to  be  the  visible  expression  of  their  axial  blood  current,  are, 
according  to  Dimmer,  that  it  is  three  times  as  broad  as  it  should  be 
were  it  due  to  reflections  in  the  same  manner  as  the  streak  on  the 
veins,  but  it  corresponds  in  breadth  to  the  streak  found  in  the 
retinal  veins  of  dogs,  which  the  experiment  of  ligaturing  the  optic 
nerve  shows  to  be  caused  by  the  axial  current,  and,  lastly,  that  the 
colour  of  the  streak  is  distinctly  red.  The  red  colour  is  caused  by  the 
transmission  of  the  light  reflected  from  the  axial  portion  of  the  blood 
column,  through  the  more  slowly  moving  peripheral  layers.  ^-NHiy  it 
is  that  the  axial  current  should  be  visible  in  the  veins  of  dogs,  and  not 
in  man,  is  probably  sufficiently  explained  by  the  darker  colour  of  the 
human  venous  blood. 

The  arteries,  besides  being  narrow,  are  more  tortuous  than 
the  veins.    Not  unfrequently  they  are  even  seen  to  twist  round 
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the  veins  at  places.  This  twisting  of  the  arteries  round  the 
veins,  as  well  as  the  sharp  turning  of  the  veins,  which  often 
takes  place  as  they  emerge  from  the  central  depression  on  the 
disc,  gives  rise  to  an  alternate,  visible,  partial  emptying  and 
refilling  of  small  portions  of  the  larger  trunks  on  the  disc, 
synchronously  with  the  heart's  action.  This,  which  is  called 
vmous  'pulsation,  is  a  very  common  physiological  phenomenon, 
not  to  be  confounded  with  visible  pulsation  in  the  arteries, 
which  is  probably  always  pathological. 

The  main  trunks  of  the  central  artery  and  vein  divide  on  the 
disc,  or  more  frequently,  some  time  before  they  come  into  view, 
into  a  superior  and  an  inferior  branch.    The  further  division 
which  takes  place  is  always  dichotomous,  the  narrowing  becom- 
ing gradually  more  and  more  appreciable  as  the  vessels  pass  to 
the  periphery.    The  situation  in  which  the  main  division  of  the 
vessels  takes  place  on  the  disc,  first  into  an  upper  and  lower 
branch,  and  then  each  of  these  into  a  nasal  and  temporal  portion, 
is  subject  to  such  great  variety,  that  it  is  almost  impossible  to 
find  two  eyes  with  exactly  the  same  arrangement  in  this  respect. 
Even  the  number  of  vessels  on  the  disc  is  not  constant.  The 
site  at  which  the  first  division  takes  place  may  also  produce 
some  differences  in  the  ophthalmoscopic  appearance.  Thus, 
when  the  artery  or  vein  divides  just  on  a  level  with  the  disc, 
having  up  to  this  point  coursed  in  a  direction  parallel  with  the 
axis  of  the  nerve,  the  appearances  presented  as  one  looks  down, 
as  it  were  on  the  cross  section  of  the  main  vessel,  and  therefore 
on  a  perpendicular  column  of  blood,  is  that  of  a  much  darker 
spot  at  the  point  of  division. 

Sometimes,  indeed  by  no  means  seldom,  vessels  are  found  to 
the  outer  side  of  the  disc,  which  are  seen  to  spring  into  view  at 
its  margin,  between  it  and  the  edge  of  the  choroidal  ring.  These 
vessels,  in  the  first  part  of  their  visible  course,  are  usually 
directed  towards  the  disc.  After  making  a  more  or  less  exten- 
sive curve  they  pass  into  the  retina.  They  appear  sometimes  to 
be  offshoots  of  the  central  vessels  which  have  passed  out  of  the 
nerve  before  reaching  the  disc.  They  are  more  frequently,  how- 
ever, branches  of  the  short  posterior  ciliary  arteries,  and  have 
received  the  name  of  cilio-retinal  vessels. 

Ophthalmoscopic  Appearances  of  the  Optic  Nerve  in  Health. — 
The  optic  disc,  or  the  end  or  cross  section,  as  it  were,  of  the 


OPTIC  NER  VE. 


41 


42 


EXAMINATION  OF  THE  EYE. 


optic  nerve,  that  portion  which  is  alone  visible  with  the  ophthal- 
moscope, receives  its  name  from  its  circular  sliaipe.    Its  real 
diameter  varies  in  different  individuals  from  1-5  to  175  mm. 
There  is  often,  too,  a  difference  according  to  the  direction  in 
which  the  measurement  is  made.    It  is,  in  fact,  rarely  a  very 
perfect  circle,  though,  in  the  majority  of  cases,  it  is  very  approxi- 
mately circular.    Considerable  differences  are  met  with :  thus 
it  may  be  very  decidedly  elongated  in  one  direction,  most 
frequently  obliquely,  but  with  the  long  axis  nearer  the  vertical 
than  the  horizontal.    It  is  sometimes  flattened  more  or  less  at 
one  or  more  parts.    It  is  important  that  the  natural  oval  shape 
of  the  normal  disc,  in  some  cases,  should  not  be  confounded 
with  the  oval  form  seen,  owing  to  purely  optical  conditions, 
where  there  is  astigmatism.     In  order  to  convince  ourselves 
that  the  oval  form  is  that  really  presented  by  the  intraocular 
end  of  the  nerve,  we  have  only  to  withdraw  or  approach  the 
convex  lens,  and  observe  that  no  alteration  of  shape  takes  place. 

The  disc  is  far  from  having  a  uniform  colouration,  and  the 
colour  is  one  which  is  not  very  easily  described.     It  is  subject, 
besides,  to  considerable  variation.    This  should  be  remembered, 
and  great  care  exercised  not  to  infer  too  readily  that  an 
apparently  excessive  degree,  either  of  pallor  or  hyperaemia,  is 
pathological.    At  first  sight  it  is  markedly  pale  or  white  as 
compared  with  the  rest  of  the  fundus.    What  gives  the  white 
appearance  is  the  reflection  of  light  from  the  lamina  cribrosa, 
the  altered  sclerotic  coat  through  which  the  nerve  passes.  But 
a  closer  inspection  shows  that  the  disc  is  not  by  any  means 
colourless.    It  presents  a  rosy-pink  colouration,  which  at  some 
parts  appears  as  if  mixed  with  grey,  at  others  with  blue,  and 
through  which,  one,  as  it  were,  sees  the  white  light  shining. 
The  colour  varies  according  to  the  degree  of  illumination,  and  is 
less  uniform  in  a  feeble  or  moderate  illumination  than  in  a  very 
strong  one.    The  differences  in  colour,  too,  are  most  clearly  seen 
on  direct  ophthalmoscopic  examination.    The  most  markedly 
pinkish  portion  is  almost  always  a  greater  or  less  crescentic 
bit  of  the  inner  or  nasal  half  of  the  disc,  that  portion  which  is 
farthest  away  from  the  macula.    This  part  is  often  so  decidedly 
coloured  that  it  presents  but  a  slight  difference  from  the  sur- 
rounding fundus  when  the  illumination  is  not  great.    There  is 
always,  however,  an  appreciable  difference  in  hue. 
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The  pinkish  colour  of  the  disc  is  due  to  the  reflection  of 
light  from  the  blood  in  the  vessels  which  supply  the  intraocular 
end  of  the  nerve ;  and  it  is  owing  to  the  layer  of  nerve  tissue 
being  thicker,  and  consequently  occupied  by  a  greater  number 
of  blood  vessels  to  the  inner  side  than  elsewhere,  that  the  colour 
is  deeper  in  that  portion.  Less  light  penetrates  through  to,  and 
is  reflected  from,  the  underlying  lamina  cribrosa  than  in  other 
parts,  where  there  is  a  thinner  layer  of  nerve  fibres.  The  least 
coloured,  and  often  decidedly,  even  intensely,  white  portion  of 
the  disc,  is  its  centre.  At  this  spot,  owing  to  the  separation  of 
the  nerve  fibres  in  all  directions,  there  is  a  little  conical,  funnel- 
shaped  depression  formed,  at  the  bottom  of  which  there  is 
nothing  but  the  lamina  cribrosa,  the  light  reflected  from  which 
does  not  suffer  any  alteration  before  it  meets  the  eye.  The 
result  is,  therefore,  that  one  sees  a  white  circular  spot  in  this 
situation,  which  sometimes,  on  direct  examination,  exhibits 
some  indication  of  the  structure  of  the  lamina  cribrosa.  Often 
the  white  area  is  not  circular,  but  while  very  markedly  white, 
and  contrasting  strongly  with  the  bordering  coloured  portion  to 
the  inner  side  of  the  disc,  merges  more  slowly  into  a  deeper 
colouration  in  other  directions. 

N'ot  unfrequently  starting  from  this  point,  a  sector-shaped 
area  of  the  outer  or  temporal  portion  of  the  nerve  is  very  devoid 
of  any  pinkish  colour,  and  presents  instead  a  mottled  bluish- 
white  aspect.  This  mottled  appearance  is  due  to  reflection  of 
light  from  the  lamina  cribrosa,  and  the  nerve  bundles  which 
pass  through  that  fibrous  meshwork.  The  strong  dull  white  is 
caused  by  reflection  direct  from  the  fibrous  tissue,  the  steel- 
coloured,  bluish-white,  more  diaphanous  appearance,  on  the 
other  hand,  is  the  result  of  repeated  reflections  from  the  pits  or 
channels  in  the  connective  tissue  through  which  the  transparent 
nerve  fibres  pass.  This  appearance  of  the  outer  half  of  the  disc, 
which  is  sometimes  seen,  appears  to  depend  more  on  the  absence 
of  blood  vessels,  than  on  the  absence  of  nerve  fibres  in  that 
region,  although  they  undoubtedly  form  there  a  shallower  layer 
than  in  otlier  parts. 

Occasionally  masses  of  pigment,  which  rarely  attain  any 
size,  are  seen  in  the  disc.  These  pigment  spots  are  mostly 
formed  near  the  margins. 

The  margins  of  the  disc  are  always  sharply  defined,  though 
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sometimes  this  definition  is  less  marked  above  and  below_  than 
elsewhere.     It  is  usually  seen  to  be  surrounded  by  a  white  or 
slightly  yellowish- white  ring.  This  is  what  is  called  the  "  scleral 
ring."    It  varies  considerably  in  breadth  in  different  cases,  but 
is  most  frequently  very  narrow,  only  just  discernible  on  careful 
examination  by  the  direct  method.    The  scleral  nng  is  formed, 
as  its  name  implies,  by  a  surrounding  portion  of  the  sclera,  the 
white  colour  being  due  to  the  strong  reflection  from  that  coat. 
The  opening  in  the  choroid  is  always  larger  than  that  m  the 
sclera,  and  hence  it  is  possible  to  see  this  portion  of  the  sclera ; 
although,  owing  to  the  overhanging  of  the  expanded  intraocular 
end  of^'the  nerve,  as  well  as  to  the  frequent  heaping  up  of  pig- 
ment at  the  margin  of  the  opening  in  the  choroid,  the  view  of 
the  sclera  in  this  situation  is  often  very  much  masked.  The 
portion  of  the  ring  to  the  outer  side  of  the  disc  is  commonly  the 
most  evident.    It  is  in  this  direction  too,  mostly,  that  it  is  usual 
to  find  some  pigment  accumulated  at  the  margin  of  the  choroidal 
opening  or  "  choroidal  ring." 

Physiological  Excavation  of  the  Disc— One  of   the  most 
important  and  frequent  variations  from  the  typical  condi- 
tion of  the  disc,  is  that  to  which  the  name  of  physiological 
"cupping,"  or  "excavation,"  of  the  disc  is  given.    This  variety 
in  the  conformation  of  the  intraocular  end  of   the  nerve, 
is  met  with  in  very  different  degrees  and  in  different  forms. 
Altogether,  some  degree  of  cupping  is  about  as  frequent  as  the 
absence  of  any  cupping  at  all.   Although  they  vary  thus  greatly, 
all  physiological  excavations  have  the  following  characteristics 
in  common :  they  never  occupy  the  whole  area  of  the  disc,  and 
they  never  extend  deeper  than  to  the  lamina  cribrosa.  Further, 
the  condition  is  always  met  with  in  both  eyes,  though  not 
always  to  the  same  extent.   These  points  should  be  remembered 
in  distinguishing  a  physiological  from  a  pathological  excavation 
—not  always  such  an  easy  matter  as  might  be  supposed. 

The  physiological  excavation  is  merely  a  broadening  out  of 
the  normal  depression  met  with  at  the  centre  of  the  nerve. 
The  sides,  or  some  part  of  the  sides,  of  this  widened  de- 
pression are  sometimes  steep,  even  occasionally  overhanging, 
at  other  times  sloping.  The  result  of  a  steep  cupping  is, 
that  on  following  the  vessels  along  the  disc,  towards  its 
centre,  they  are  seen  bo  suddenly  come  to  an  end,  owing  to 
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the  straight  dip  which  they  make  down  the  side  of  the  excava- 
tion. They  reappear  at  the  bottom  of  the  excavation,  where 
they  are  not  in  focus  at  the  same  time  with  those  on  the  surface 
of  the  disc  and  retina.  At  the  same  time,  the  deeper  lying 
portions  often  look  as  if  they  were  not  continuous  with  the 
others,  owing  to  the  change  in  direction  which  has  taken  place 
in  the  portions  hidden  from  view.  The  white  area  of  excava- 
tion contrasts  very  markedly  with  the  pink  surrounding  portion 
of  the  disc.  The  vessels  in  this  white  area  which,  when  those 
on  the  retinal  surface  are  in  focus,  look  paler,  as  it  were  washed 
out,  and  on  which  the  clear  streak  of  reflection  is  absent,  assume 
a  more  normal  appearance  on  accurate  focussing.    At  the  same 
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time,  the  indefinite  white  or  bluish-white  area  on  which  they 
lie  also  comes  into  focus,  and  shows  more  or  less  of  the  reticu- 
lated steel  grey,  or  blue  and  white  meshwork  of  the  structure  of 
the  lamina  cribrosa.  The  mottled  bluish  marking  is  very 
different  in  different  cases,  as  it  is  only  seen  when  the  nerve 
fibres  have  lost  their  myeline  sheath  at  some  distance  back.  In 
the  more  funnel-shaped  excavations,  the  vessels  may  be  traced 
down  the  side  of  the  cup. 
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In  all  cuppings,  but  most  markedly  in  the  sharp  ones,  the 
vessels  at  their  points  of  flexure  appear  darker,  owing  to  one's 
looking  down  upon  a  deeper  column  of  blood.  However  sharply 
the  vessels  may  bend  over  the  margin  of  the  cup,  they  are 
always  seen  to  course  over  some  portion  of  the  normal  disc 
before  passing  into  the  retina. 

Ophthalmoscopic  Appearances   of  the  Normal  Choroid.— 
When  the  pigment  in  the  hexagonal  cells  of  the  retma  is 
abundant,,  all  that  can  be  seen  of  the  choroid  is  the  red  or 
orancre-red  colour,  which  the  blood,  in  its  numerous  blood-vessels 
and  capillaries,  gives  to  the  fundus  of  the  eye.     The  mtensity 
of  this  colour,  too,  is,  as  has  been  said,  dependent  upon  the 
density  of  the  pigment,  so  that  the  red  is  much  less  pronounced 
in  very  dark  individuals.    Where  the  pigment  in  the  hexagonal 
cells  is  scanty,  on  the  other  hand,  the  vessels  of  the  choroid 
come  into  view.     As  the  larger  trunks  of  the  choroidal  veins 
lie  towards  the  equator  of  the  eye,  the  structure  of  the  choroid 
is  often  more  visible  at  the  periphery  than  at  the  centre,  where 
too  the  pigment  is  usually  more  dense.     On  this  account,  it  is 
comparatively  rarely,  under  normal  conditions,  that  much  of  the 
choroid  is  seen  at  the  centre  of  the  fundus. 

The  choroidal  veins,  when  visible,  present  themselves  as  a 
dense  network  of  broad  and  narrow  stripes,  of  a  pale  red, 
orange,  or  yellow  colour,  separated  by  lighter  or  darker  inter- 
spaces, according  to  the  amount  of  pigment  contamed  m  the 
stroma  of  the  choroid.  If  there  is  a  great  absence  of  pigment, 
both  in  the  hexagonal  cells  and  in  the  choroidal  stroma,  the 
veins  of  the  choroid  may  be  visible  in  their  finest  ramifications, 
or  at  all  events,  as  far  as  the  magnification  of  the  ophthalmo- 
scopic image  admits  of.  The  interspaces  then  appear  non- 
pigmented,  and  reflect  a  yellow  or  reddish-yellow  light.  They 
vary 'in  size,  and  their  shape  is  mostly  that  of  an  irregular 
rectangle.  The  interspaces  are  more  elongated  towards  the 
periphery  than  at  the  centre,  in  the  region  of  the  macula. 

Sometimes  the  choroid  itself  is  well  supplied  with  pigment, 
although  that  of  the  retina  is  sparse.  The  interspaces  are  then 
darkly  pigmented,  and  only  the  larger  vessels  are  visible. 

A  zone  at  the  extreme  periphery  of  the  choroid  which  lies 
anterior  to  the  equator  of  the  eye,  cannot  be  seen  with  the 
ophthalmoscope. 
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Senile  Changes  in  the  Fundus. — In  addition  to  the  great 
physiological  varieties  and  congenital  anomalies  which  are 
met  with  in  the  fundus,  there  are  often  to  be  seen  certain 
marked  senile  changes,  which  are  not  necessarily  of  the 
nature  of  disease.  Thus  the  optic  disc  may  lose  its  semi- 
transparency,  and  become  more  or  less  muddy  or  dull  in  appear- 
ance, without  any  pathological  change  being  thereby  indicated. 
Depigmentation  of  the  retina,  which  may  occur  in  patches 
here  and  there,  admitting  of  the  structure  of  the  choroid 
coming  into  view,  is  common  as  a  senile  change.  A  degree 
of  atrophy  of  the  choroid,  presenting  itself  in  a  broad  band  of  a 
dirty  yellowish  or  straw  colour  surrounding  the  disc,  is  often 
seen  in  old  people. 


CHAPTER  II. 

DISEASES  OE  THE  EYELIDS  AND  LACHRYMAL 
APPAEATUS. 

Diseases  of  the  Eyelids. 

THE  obvious  fuBctto  Of  the  eyelids  is  to  protect  the  eyes 
from  external  injury,  and  thus  preserve  the  '™=P7=';y 'f 
eornea.  The  Uds.  with  their  lashes  or  oxha.  prevent  substanees 
of  »nT  size  comiii"  in  contact  with  the  cornea,  and  furnish  an 
irseeretionThic-h  lubricates  the  surface,  and  thus  ob™tes  any 
intransparency  of  the  cornea  which  might  arise  from  the  drying 
or  hardening  of  the  superficial  layers  of .  its  epitheliun.  Tto 
tears,  too,  aid  in  this,  and  at  the  same  time  <»^"^  to  wash 
away  any  minute  substances  which  may  lodge  within  the 

'^'a  few  points  in  connection  with  the  anatomy  of  the  lids 
may  be  here  referred  to,  as  it  is  necessary  to  be  aequamted  with 
The  et  order  to  understand  the  pathology  of  tl^  d'seases  which 
affect  the  lids,  and  to  follow  the  d^^'P^;;  ™r 
operations  ^  ^  ^dividur  and 

Bather  less  than  a  quarter  ot^  an  ^^^Zl^^^^ 

r„rib^rare:sri:^^^^^ 

in  which  the  little  channels  or  cancchnch  leading  th^^^^^^^^_ 
end.  The  small  punctiforn.  apertures  leading  "^^^ 
euli  are  the  so-called  puncta  lachrymaha.  The  eyelashes  spm 
from  the  outer  portion  or  edge  of  the  margm  of  l^^d  ^^^^^ 
rooTs,  which  are  from  2  to  3  mm.  long,  being  embedded  m 
the  dense  fibrous  tissue. 
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The  substance  of  that  portion  of  the  lid  which  covers,  or  is 
directly  applied  to  the  eye,  is  composed  of  four  layers,  which, 
proceeding  from  within  outwards,  are  (1)  the  conjunctiva ; 
(2)  the  tarsus ;  (3)  a  layer  of  muscular  fibres ;  and  (4)  the 
skin.  In  this  situation,  the  conjunctiva  is  very  closely 
adherent  to  the  underlying  dense  fibrous  tissue  or  tarms. 
Beyond  this,  it  is  thrown  into  folds,  and  only  supported 
behind  by  a  much  looser  connective  tissue.  The  tarsus 
of  the  lower  lid  is  an  insignificant,  narrow,  and  thin 
structure ;  in  the  upper  lid  it  is  thicker  and  much  deeper, 
and  to  its  free  margin  is  attached  the  tendon  of  the  levator 
palpebrte  superioris.  An  oily  secretion  is  formed  in  the  tarsal 
or  Meibomian  glands,  and  passes  out  of  numerous  ducts  which 
open  along  the  margin  of  the  lid.  Immediately  below  the  sldn 
of  the  lid,  which  is  extremely  lax  and  moveable  in  all  direc- 
tions, is  the  orlicular  muscle,  the  function  of  which  is  to  close 
the  eyes.  This  muscle,  which  is  supplied  by  the  seventh 
nerve,  is  a  large  fiat  structure,  composed  entirely  of  voluntary 
muscular  fibres,  and  extending  over  the  margins  of  the  orbit, 
above  and  below.  It  has  tendinous  attachments  to  the  inner 
and  outer  palpebral  ligaments. 

The  upper  lid  is  raised  by  the  levator  palpebrte  superioris, 
which  is  innervated  by  the  third  nerve.  To  some  extent  also 
that  muscle  receives  assistance  from  a  bundle  of  non-striped 
fibres,  which  lie  under  the  conjuiictiva,  and  are  attached  to  the 
free  edge  of  the  tarsus.  These  fibres  are  generally  called  Milller's 
macscle ;  they  also  exist  in  the  lower  lid,  and  are  innervated  by 
sympathetic  nerve  fibres. 

Blepharitis. — This  is  one  of  the  most  common  affections. 
It  occurs  mostly  in  children  who  are  either  strumous  or  ill- 
nourished,  and  dirty  and  ill-cared  for.  Often  it  begins  after 
measles,  and  is  not  infrequently  associated  with  catarrhal  or 
phlyctenular  conjunctivitis,  and  with  inflammation  of  the 
lachrymal  sac.  The  inflammation,  which  is  often  termed  tinea 
tarsi,  or  ophthalmia  tarsi,  is  an  eczema  of  the  margin  of  the 
lid.  It  begins  with  hypertemia  and  increase  of  the  secretions. 
When  this  is  not  attended  to,  the  secretion  becomes  fibrinous 
and  glutinous,  and  seals  the  eyelashes  together,  forming  crusts 
or  scales,  under  which  a  process  of  ulceration,  leading  to 
destruction  of  their  follicles,  takes  place.  The  affection  is  met 
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with  in  very  different  degrees  of  severity,  from  what  is  merely 
a  tendency  to  slight  scaliness  of  the  lid  margm   to  tl^^ 
formation  of  marked  pustules,  the  irritation  of  which  cause 
considerable  cBdema  and  inflammatory  swelhng  of  the  lid.  it 
is  very  chronic,  many  cases  seen  in  hospital  practice  having 
existed  for  months  and  years  before  any  advice  is  sought 
When  not  treated  in  time,  it  leads  when  severe  to  complete 
destruction  of  the  eyelashes.    Often  a  few  eyelashes  are  found 
after  healing  has  taken  place,  to  be  misdirected,  owing  to 
cicatricial  contraction  round  their  folhcles. 

The  treatment  of  blepharitis  consists  m  first  removing  the 
scales  or  scabs,  and  then  applying  to  the  raw  surface  ^"^-^IJ^^^^ 
ointment  of  Pagenstecher  (8  grs.  to  5i.  of  yellow  oxide  of  meicui) , 


JT.T.  Fig.  11.— Blepharitis. 


gi  of  laiioline  or  spermaceti  ointment,  mixed  with  a  few  drops 
of  olive  oH).    This  ointment  should  be  applied  at  least  twice  a 
day  morning  and  evening,  and  is  greatly  superior  to  any  other 
preparation  of  mercury,  either  the  red  oxide  or  ^le  imtigated 
nitrate.    The  scabs  may  be  removed  with  a  piece  of  quiH.  ihis 
can  be  done  without  much  pain  if  the  surface  ^^^  ^^^^^  f^^ 
viously  soaked  for  some  time  with  an  alkaline  lotion  (abou 
5  grs.  of  bicarbonate  of  soda  to  5i.  warm  water).    A  thorough 
removal  of  the  scales  should  be  made  before  each  application  of 
the  ointment.     As  a  rule,  it  is  only  the  first  tmie  that  any 
difficulty  is  experienced  in  doing  this,  so  that  when  the  crusts 
are  thick  and  copious,  it  is  better  for  the  surgeon  to  remove 
them  himself.    He  may  then  apply  a  little  caustic  solution 


HORDEOLUM. 


(20  grs.  of  nitrate  of  silver  to  §i.)  along  the  raw  surface.  Some- 
times it  is  advisable  to  cut  the  eyelashes  quite  short  before 
removing  the  crusts,  or,  when  only  a  few  remain,  they  may  be 
epilatecl.  In  obstinate  cases  the  condition  of  the  lachrymal  sac 
should  be  looked  to,  as  it  is  often  necessary  to  treat  it  in 
accordance  with  the  rules  laid  down  at  page  75,  before  the 
blepharitis  can  be  permanently  cured.  This  will  be  found 
almost  invariably  to  be  the  case  where  the  blepharitis  is 
unilateral,  and  has  resisted  local  treatment.  The  state  of 
refraction  should  also  be  ascertained.  Hypermetropia  and 
astigmatism  have  certainly  some  influence  in  keeping  up, 
though  it  is  unlikely  that  they  actually,  as  many  suppose,  give 
rise  to  this  condition. 

Hordeolum  or  Stye  is  an  acute  inflammation  of  the  cellular 
tissue  of  the  lid,  leading  to  suppuration  which  points  at  the 
margin  of  the  lid.  Often,  like  boils  elsewhere,  it  is  the  tissue 
surrounding  the  root  of  an  eyelash  which  becomes  inflamed.  The 
inflammation  causes  very  considerable,  often  throbbing,  pain,  and 
generally  a  good  deal  of  oedematous  swelling  of  the  lid.  The 
swelling  may  be  so  great  as  to  almost  completely  mask  the  stye 
itself.  Sometimes  two  or  more  occur  at  the  same  time,  and  not 
infrequently  there  is  a  tendency  for  crops  of  them  to  appear  in 
succession.  The  point  to  be  remembered  in  the  diagnosis  is  the 
tendency  to  point  at  the  margin  of  the  lid.  In  this  respect  a 
stye  differs  from  a  suppurating  tarsal  cyst  (see  page  54),  with 
which  it  might  be  confounded.  Styes  may  sometimes  undergo 
absorption  without  bursting  and  discharging  externally,  as  is  the 
case  with  localised  inflammations  in  other  parts  of  the  face— 
for  instance,  the  nose  and  the  ear,  where  the  tissues  in  which 
the  inflammation  takes  place  are  very  dense. 

The  treatment  consists  in  applying  compresses  of  lead  or 
alum  lotions.  If  a  stye  is  on  the  point  of  bursting,  it  may  be 
poulticed ;  but  this  is  not  otherwise  advisable.  The  same  may 
be  said  with  reference  to  incision.  When  crops  of  styes  appear, 
a  course  of  some  aperient  mineral  water  followed  by  iron,  and 
the  local  application  twice  daily  of  mitigated  nitrate  of  mercury 
ointment  (one  part  of  the  ointment  of  the  pharmacopoiia  mixed 
with  seven  parts  of  lard)  often  does  good.  A  generous  diet, 
open  air  exercise,  and  change  of  air,  are  also  indicated. 

MoLLUSCDM  CONTAGIOSUM  is  another  affection  frequently 
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met  with  along  the  margm  of  the  lids.  It  occurs  on  the 
skin  of  the  lids  as  well,  and  there  the  cysts  may  attain  a  greater 
size  The  circular  shape  of  the  swellings,  and  the  little  depres- 
sion in  the  centre,  give  to  them  quite  a  ^^--^^^^f  J  J^^^^^^ 
ance  They  are  often  found  in  several  members  of  the  same 
family     The  affection  is  common  in  children,  and  occasionally 

'-''Z  t^"^^  in  snipping  of.  the  Wler  grow^ 
with  a  pair  of  scissors,  and  in  transfixing  the  ^-ger  ones,  and 
pressing  out  the  sebaceous  matter  which  they  contam,  the  05  st 
wall  may  be  drawn  out,  too,  with  a  paii'  of  fine  forceps 

Warts,  Papillomata,  and  Teanslucent  Cysts  also  occui 
along  the  lid  margin.  They  should  be  removed  with  as  little 
mutilation  of  the  normal  tissues  as  possible,  so  as  to  avoid  any 
mMirection  of  the  eyelashes,  which  is  liable  to  occur  from 

-^-^^^^^..^s  is  a  rather  uncommon  disease 
The  eru  ption,  which  is  limited  to  the  one  side,  gene^^^^^^^^^^ 
on  the  forehead  and  lids,  and  sometimes  tiie  side  of  the  nose  as 
well    When  the  branch  from  the  fifth,  which  supphes  he  side 
of  the  nose  is  affected,  the  cornea  may  become  ulcerated,  and 
the  ir  s  nTamed.    The  eruption  is  preceded  by  intense  neuralgia, 
whiS  rarely  lasts  more  than  a  day  or  two,  though  occasionally 
mth  lont'    The  blebs,  which  then  appear,  are  at  first  clear. 
Ite  two^r  three  days  their  contents  become  muddy;  ulcei.- 
tion  thin  takes  place,  and  they  eventually  leave  scars.  The 

1  Ml  off  in  about  two  weeks  from  ^1-  appe^^^^^^^^^^ 
eruTDtion  but  the  neuralgia  may  continue,  although  the  skm 
tsSf  is  more  or  less  anaesthetic.  I  have  seen  the  eruption 
confin  d  Ttirely  to  the  upper  lid,  and  in  one  case  it  occurred 
first  on  one  side,  and  then  on  the  other,  after  several  year 
in t  rv"  I  have  also  seen  recurrence  on  the  same  side.  Such 
interval,    i  na  associated  with  chronic 

cases  have  been  described  by  x  ^e.tebne.  Herpes 

inflammatory  conditions  of  the  cervicai  v  „ 
frontalis  is  considerably  more  common  "V^^^;;'  ^^f'f 
men  than  in  women,  and  is  said  to  occur  twice  as  often  on  t  e 
Mt  We  as  on  the  right.    The  disease  ^^^^^^^^ 
produced  by  a  lesion  of  the  Gasserian  ganglion,  but  it  is  doubttui 
whpthpr  this  is  always  the  cause.  .  . 

No  locd  trcatJnt  is  called  tor.    When  the  neuralgia  is 
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severe,  subcutaneous  injections  of  morphia  are  useful.  After 
recovery,  the  patient  should,  if  possible,  be  sent  for  change  of 
air,  aiid  the  diet  should  be  nourishing. 

Xanthelasma. — This  is  the  name  given  to  a  yellow  patch 
of  irregular  outline  which  occurs  in  the  skin  of  the  lids.  It  is 
almost  always  met  with  in  both  upper  lids  at  the  same  time, 
though  the  patch  may  be  much  larger  and  more  prominent  in 


Fig.  12. — Herpes  Frontalis. 

the  one  than  in  the  other.  It  consists  of  fibrous  tissue  contain- 
ing some  altered  blood  pigment. 

The  patches  may  be  removed  without  difficulty  if  the  patient 
wishes  it,  as  is  sometimes  the  case,  on  account  of  tlieir  somewhat 
un.sightly  appearance. 

Eczema  may  extend  to  the  lids  from  other  parts  of  the  face, 
or  begin  originally  in  the  lids  as  an  extension  from  a  con- 
junctivitis or  a  blepharitis,  whicli,  as  we  have  seen,  is  in  reality 


54 


DISEASES  OF  THE  EYELIDS 


nothina-  else  than  an  eczema  of  the  lid  margin.    Some  people 
are  particularly  subject  to  this;  thus  I  have  several  times  seen 
an  acute  eczema  of  the  lids  set  up  by  compresses  of  corrosive 
sublimate  solution  even  in  the  dilute  form  (1-5000),  m  which  it 
is  found  useful  as  an  antiseptic  preparation  in  various  affections 
of  the  cornea,  and  as  a  dressing  after  operations  on  the  eye.^  it 
is  occasionally  also  set  up  by  atropine,  when  used  as  an  anoayne 
and  mydriatic,  in  different  affections  of  the  eye.  Conjunctivitis 
in  children  is  frequently  associated  with  eczema,  generally  due 
to  the  practice  of  poulticing  the  eyes,  which  is  a  common 
popular  remedy,  often  leading  to  much  increase  m  the  severity 
of  what  would  be  otherwise  very  slight  ailments. 

In  adults,  zinc  ointment  or  boracic  acid  ointment  are  as  good 
local  applications  as  any ;  in  children,  perhaps  nothing  is  better 
than  Pagenstecher's  ointment,  the  part  being  weU  washed  first 
with  black  soap  and  water. 

Milium,  or  small,  circular,  white  tumours,  rarely  more  than 
a  pin's  head  in  size,  are  often  found  in  considerable  numbers  m 
the  skin  of  the  lid  and  cheek.  The  epidermis  covering  them  is 
very  thin,  so  that  they  are  of  a  pearly  white  colour.  _ 

They  are  removed  by  incision,  and  by  squeezing  out  the 
compressed  and  altered  epidermis  which  they  contain._  _ 

Chalazion,  or  Tarsal  Cyst,  is  a  small  tumour  situated  in 
the  tarsus.    It  may  grow  to  the  size  of  a  small  hazel  nut,  but 
is  rarely  much  bigger  than  a  good-sized  pea.  _  Sometimes  a 
number  of  these  tumours  occur  at  the  same  tmie  or  at  m- 
tervals,  in  the  same  individuals.    The  skm  of  the  lid  is  always 
freely  moveable  over  them,  while  the  conjunctival  ^^ff^.^^ 
more  or  less  involved.     The  conjunctiva  over  the  chalazion 
may  be  merely  thinned  and  reddened,  and  present  a  land  of 
gelatinous  appearance  from  the  shining  through  it  of  nxKlei- 
lying  tumoui'  or  it  may  be  converted  into  what  ^^^^^ ^'^^ 
like  granulation  tissue.    Chalazion  is  a  tumour  caused  bj  the 
retention  of  secretion  in  the  glands  of  the  ^^^^^'/^ .  T'^^^^^^^ 
an  inflammation  of  the  surrounding  tissues.    If  the  mfian  n  a- 
tion be  acute  it  goes  on  to  suppuration,  and  such  cases  maj 
aive  rise  to  an  appearance  not  unlike  that  met  with  fiom  a 
stye.    The  chalazion  always,  however,  points  somewhere  on  the 
conjunctival  surface  of  the  lid,  whereas  the  stye  points  at  the  hd 
margin     When  properly  removed  a  chalazion  does  not  recur. 
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Treatment. — The  contents  of  the  cyst  should  be  shelled  out 
through  an  incision  made  in  the  conjunctiva  covering  it.  It  is 
best  to  make  the  incision  vertical,  and  therefore  parallel  with 
the  direction  of  the  glands  in  the  tarsus.  It  is  not  advisable, 
as  is  sometimes  done,  to  cauterise  the  cavity  left,  but  a  little 
rough  manipulation  with  a  small  scoop,  after  the  contents  have 
all  escaped,  with  the  object  of  breaking  down  the  wall,  renders 
the  destruction  more  complete.  In  a  few  cases  the  evacuation 
can  be  better  made  through  a  small  horizontal  incision  in  the 
skin  above,  but  this  is  seldom  necessary. 

Chalky  Infarcts  in  the  Meibomian  glands  are  met  with 
mostly  in  elderly  people  who   have   suffered  from  chronic 


liyperpemia  of  the  conjunctiva,  and  are  of  a  more  or  less 
distinctly  gouty  habit.  When  these  little  yellow  concretions 
project  beyond  the  surface  of  the  conjunctiva  they  are  apt  to 
set  up  irritation  by  scraping  against  the  cornea,  and  should 
then  be  removed. 

Trtchiasis  and  Distichiasis. — Sometimes  occurrino;  as  a 
congenital  abnormality,  but  more  frequently  as  the  result  of 
blepharitis,  is  a  misdirection  of  the  eyelashes,  which  gives  rise 
to  more  or  less  irritation  by  their  rubbing  on  the  cornea. 
When  there  is  a  double  row  of  laslies,  the  inner  of  which  are 
misdirected  so  as  to  point  backwards,  while  the  outer  are 
normally  directed,  the  condition  is  known  as  distichiasis.  Other 
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cases,  whether  all  or  only  a  few  of  the  lashes  are  misdirected, 
are  cases  of  trichiasis. 

Treatvient.—When  the  trichiasis  is  only  partial,  a  temporary 
improvement  is  obtained  by  epilation.    In  some  cases,  where  a 
few  eyelashes  only  have  been  left  altogether,  the  patient  may 
procure  for  himself  a  pair  of  forceps,  and  have  the  eyelashes 
removed  whenever  they  cause  irritation.    A  radical  cure  can, 
however,  only  be  obtained  by  some  operation.    The  simplest, 
where  a  few  cilia  only  are  misdirected,  is  either  that  called 
repositio  ciHorum,  or  destruction  by  the  actual  cautery,  or  by 
electrolysis,  of  the  follicles  from  which  they  grow.    In  more 
general  trichiasis  and  in  distichiasis  some  operation  for  the 
transplantation  of  the  follicles  (see  chapter  on  operations)  has 
to  be  adopted. 

Entropion.— "When  the  lashes  rub  against  the  cornea,  owmg 
to  an  incurving  of  the  lid  margin,  the  condition  receives  the 
name  of  entropion.    Of  this  there  are  two  principal  varieties, 
spasmodic  or  muscular  entropion  and  cicatricial  entropion.  The 
most  common  source  of  the  first  variety,  which  is  mostly  met 
with  in  the  lower  lid,  is  some  irritation  of  the  eye  which  gives 
rise  to  spasmodic  contraction  of  the  palpebral  portion  of  the 
orbicularis.    Under  such  conditions  the  inversion  of  the  hd  is 
favoured  by  a  lax  condition  of  the  skin,  and  a  narrowness  of  the 
palpebral  aperture.    It  is  very  often  met  with  in  old  people 
after  operations,  and  then  constitutes  a  troublesome  though 
rarely  serious  complication  during  the  healing  process,  in 
some  cases,  more  particularly  in  children,  the  irritation  ot 
foreign  bodies  in  the  conjunctival  sac  or  on  the  cornea  gives 
rise  to  the  same  variety  of  entropion. 

Treatment— Wl-i&n  the  condition  is  evidently  only  temporary, 
the  lid  may  be  retained  for  some  time  in  a  proper  position  by 
means  of  pieces  of  plaster,  or  by  painting  it  over  pretty  thickly, 
after  drying  the  skin  well,  with  flexile  collodion.  In  man} 
cases  it  is  necessary  to  remove  a  piece  of  skin  from  the  hd. 

In  some  children  entropion  is  a  congenital  condition,  and 
then  has  quite  a  characteristic  appearance.  The  lashes,  though 
rubbing  against  the  cornea,  do  so,  not  with  their  points,  as  m 
other  cases,  but  are  so  applied  as  to  be  parallel  with  the  cornea, 
and  consequently  produce  little  or  no  irritation,  so  that  the  atten- 
tion of  the  parents  is  generally  only  attracted  to  the  condition 
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on  account  of  the  watering  of  the  eye  to  which  it  gives  rise. 
This  variety  of  entropion  is  probably  due  to  an  abnormal 
development  of  the  orbicularis  in  the  vicinity  of  the  lid  margin, 
and  is  cured  by  removal  of  an  elliptical  piece  of  skin. 

Another  common  variety  of  muscular  entropion  is  that  met 
with  in  cases  where  the  lid  has  lost  the  support  of  the  globe, 
and  this  may  occur  in  both  upper  and  lower  lids,  and  be  a 
source  of  irritation  to  the  conjunctiva.  It  is  seen  both  when 
the  eye  is  absent  altogether  and  no  artificial  eye  has  been  worn, 
and  where  there  is  shrinking  of  the  eye,  or  phthisis  hulhi,  from 
any  cause. 

Cicatricial  entropion  follows  loss  of  svibstance  in  the  con- 
junctiva, and  may  thus  result  from  burns  or  other  destructive 


Fig.  14. — Cicatricial  entropion  (from  case  of  essential  shrinking  of  conjunctiva). 

accidents,  from  trachoma  and  diphtheritic  conjunctivitis.  The 
condition  is  slowly  brought  about  by  the  cicatrisation  in  the 
conjunctiva,  which  follows  such  processes.  The  inverted  lashes 
lead  to  abrasion  of  the  corneal  epithelium,  and  a  chronic  vas- 
cularisation  and  consequent  intransparency  of  that  membrane, 
and  the  entropion  therefore  calls  for  some  radical  cure. 

The  operations  best  suited  for  such  cases  are  those  of  Hotz, 
Snellen  or  Streatfield,  Dianoux,  and  y.  Milligen  or  Benson, 
which  are  described  in  the  chapter  on  operations. 

EcTKOPiON. — That  condition  in  which  the  lid  is  everted  is 
called  ectropion.  The  eversion  may  be  only  slight — that  is,  the 
edge  of  the  lid  may  merely  be  drawn  away  from  its  normal 
position  against  the  eye — or  it  may  be  so  great  as  to  expose 
almost  the  whole  of  the  palpebral  conjunctiva.    Two  varieties 
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of  ectropion  may  be  distinguished,  conjunctival  ectropion  and 
cicairicial  ectropion.  The  conjunctival  variety  begins  as  an 
inflammation  of  the  conjunctiva,  the  swelling  of  which,  as  well 
as  the  extension  of  the  inflammation  along  the  tear  canaliculi, 
lead  to  a  separation  of  the  lid  margin  from  the  eye,  and  a  con- 
sequent interference  with  the  normal  excretion  of  the  tears. 
The  ectropion  only  occurs  in  cases  where  the  conjunctival  in- 
flammation has  led  to  a  paralysis  of  the  palpebral  portion  of  the 
orbicularis  muscle  from  infiltration  and  distention.  When  the 
position  of  the  lid  has  thus  been  altered,  the  tears  flow  over  the 
cheek,  causing  eczema,  with  thickening  and  excoriation  of  the 
skin,  'so  that  a  vicious  circle  is  set  up,  which  tends  always 


Fig.  15. — Conjunctival  ectropion. 

further  and  further  to  increase  the  deformity.  This  variety  of 
ectropion  is  shown  in  Fig.  15. 

Treatment— In  the  lower  degrees  of  conjunctival  ectropion, 
all  that  is  required  in  order  to  bring  the  lid  back  into  its, 
normal  position,  is  to  slit  up  the  canaliculus  with  a  Weber  s 
knife,  so  as  to  establish  a  better  passage  for  the  tears,  and  at  the 
same  time  to  keep  the  skin  soft  with  some  simple  ointment,  and 
touch  the  conjunctival  surface  with  nitrate  of  silver  in  the  way 
described  at  page  82.  When  the  ectropion  is  considerable,  this 
process,  which  leads  in  any  case  only  slowly  to  recovery,  is  not 
generally  sufficient,  but  must  be  supplemented  by  the  introduc- 
tion of  sutures  after  the  manner  first  introduced  by  Snellen. 
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In  the  higher  degrees,  where  the  ease  has  been  of  very  long 
standhig,  it  is  sometimes  necessary  to  perform  an  operation 
for  the  sliorteuing  of  the  lid  aperture.  It  is  not  advisable, 
as  sometimes  recommended,  to  excise  any  portion  of  the  con- 
junctiva alone. 

A  form  of  conjunctival  ectropion  is  occasionally  met  with  in 
children,  due  to  the  contraction  of  the  orbicularis  at  a  time 
when  the  swollen  and  inflamed  conjunctiva  has,  by  some  acci- 
dent, or  as  the  result  of  some  manipulation,  become  everted. 
The  contraction  of  the  muscle  keeps  up  the  eversion,  and  at  the 
same  time  leads  by  constriction  to  further  swelling,  so  that  the 


FiCi.  16. — Cicatricial  ectropion  of  the  upper  lid. 

ectropion  may  be  difficult  to  reduce.  This  condition  is  most 
marked  and  unsightly  in  the  upper  lid,  and  should  be  carefully 
guarded  against  by  the  application,  where  there  is  a  tendency  to 
it,  of  a  tight  bandage.  A  slight  degree  of  ectropion  occurs,  too, 
ill  cases  of  facial  paralysis,  and  causes  epiphora.  When  the 
epiphora  is  marked,  some  operation  for  the  narrowing  of  the  lid 
aperture  is  called  for. 

Cicatricial  Ecteopion  is  produced  by  contraction  following 
loss  of  skin  of  the  lids  themselves,  or  of  the  skin  of  the  face 
in  the  neighbourhood.  It  is  met  with  after  lupus,  burns, 
abscesses,  &c.  Another  variety  is  tliat  which  is  caused  by 
the  tacking  down  of  the  skin  over  tlie  bone  of  the  margin  f)f 
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the  orbit  or  cheek  where  there  has  been  caries  or  necrosis  in 
that  situation.  The  absence  of  skin  in  cases  of  cicatricial 
ectropion  usually  renders  it  impossible  to  remedy  the  defect  by 
such  simple  measures  as  are  applicable  in  conjunctival  ectropion. 
Some  plastic  operation,  or  better  still,  the  transplantation  of  skin 
from  other  parts  of  the  body,  is  therefore  necessary.  The  opera- 
tions performed  for  the  different  forms  of  ectropion  are  described 
in  the  chapter  on  Operations. 

Epicanthus.— In  not  a  few  children,  a  more  or  less  pro- 
nounced fold  of  skin  is  found  covering  the  inner  angle  of  the 
lids,  and  continuous  with  the  fold  normally  present  on  the 
upper  lid.  This  condition  is  known  as  epicanthus.  When 
marked,  it  gives  a  peculiar  appearance  to  the  face,  covering,  as  it 
does,  most  of  the  white  of  the  eyes  to  their  inner  sides.  As  the 
child  grows,  and  the  bridge  of  the  nose  develops,  the  epicanthus 
either  disappears  altogether  or  becomes  much  less  unsightly  ; 
so  that  it  is  only  in  high  degrees  of  the  deformity  that  any  inter- 
ference is  called  for.  In  such,  too,  there  is  at  the  same  time 
more  or  less  drooping  of  the  lids,  which  may  be  associated  with 
a  defect  in  the  power  of  moving  the  eyes  upwards. 

An  improvement  may  then  be  effected  by  removing  an 
elliptical  piece  of  skin  from  the  bridge  of  the  nose  in  a  vertical 
direction,  care  being  taken  to  get  union  by  first  intention,  by  pre- 
venting any  dragging  on  the  stitches.  This  method  of  operating 
is  the  old  one  of  v.  Ammon.  Arlt  recommended,  and  frequently 
practised,  excision  of  the  fold  itself  on  either  side  of  the  nose. 

Ptosis  —A  not  by  any  means  infrequent  congenital  detect, 
due  probably,  in  most  cases,  to  a  faulty  development  of  the 
levator  palpebr^  superioris,  is  the  drooping  of  the  upper  hd,  or 
ptosis,  which  may  be  present  on  one  or  both  sides.  Sometimes 
this  is  associated  with  a  defect  in  the  upward  movement  of 
the  eye  as  well.  Congenital  ptosis  is  one  of  the  hereditary 
deformities.  I  have  met  with  a  family  where  it  existed  m 
the  father  and  five  out  of  six  children.  ^lost  cases  of  congemtal 
ptosis  appear  to  be  due  to  defective  development  of  the  levator. 
Probably  some  cases,  however,  are  the  result  of  an  abnormality 

in  the  nerve  centre. 

Cases  have  been  described,  and  attention  seems  first  to  liave 
been  directed  to  them  by  Gunn,  in  which  an  involuntary  raising 
of  the  drooping  lid  has  been  associated  with  voluntary  move- 
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ment  of  the  lower  jaw.  This  has  usually  been  on  the  left  side, 
and  has  been  explained  by  assuming  that  the  levator  is  to  some 
extent  innervated  by  fibres  springing  from  the  motor  root  of 
the  fifth.  It  is  certainly  not  improbable  that  in  the  absence  of 
a  proper  innervation  from  the  third  nucleus,  this  root  which 
lies  in  such  close  proximity  to  it  might  partially  make  up  for 
the  developmental  defect. 

The  effect  of  ptosis  on  vision  depends  of  course  greatly  on 
its  degree ;  when  the  pupils  are  partially  covered,  the  patient 
is  in  the  habit  of  throwing  his  head  back  in  order  to  see. 
When  this  is  the  case,  and  still  more  when  the  pupil  is  covered 
completely  in  one  or  both  eyes,  some  operation  has  to  be  per- 
formed with  the  object  of  raising  the  lid  without  interfering 
with  its  closing. 

A  curious  form  of  ptosis,  apparently  allied  to  the  con- 
genital variety,  has  been  lately  described  by  Fuchs,  and 
called  by  him  isolated  hilateral  ptosis.  The  name  was  no 
doubt  suggested  by  the  fact  that,  with  the  exception  of 
the  ptosis,  no  other  demonstrable  affection  of  the  eyes  or 
any  other  part  of  the  body  is  found  in  these  cases.  The  ptosis 
develops  so  slowly  that  the  patient  cannot  say  when  it  has 
begun.  It  eventually  becomes  so  complete  that  no  action 
of  the  levator  is  possible.  In  some  cases  a  slight  degree  of 
ptosis  is  apparently  present  at  birth,  and  afterwards  in- 
creases in  the  same  gradual  manner.  Fuchs  has  given  good 
reason  for  regarding  these  cases  as  cases  of  atrophy  of  the 
levators.  It  is  doubtful  whether  the  atrophy  is  myopathic  or 
neuropathic. 

Other  forms  of  ptosis  met  with  are  such  as  are  due  to  partial, 
or,  when  other  muscles  of  the  eye  are  also  affected,  complete 
paralysis  of  the  third  nerve — also  cases  which  are  merely  the 
result  of  chronic  inHammation  of  the  conjunctiva — mostly 
trachoma.  Hysterical  ptosis,  which  may  be  on  one  or  both 
sides,  is  not  very  uncommon.  A  peculiar  cause  of  slight  drooping 
of  the  upper  lid,  to  which  attention  has  been  directed  by  Horner, 
appears  to  be  from  paresis  of  Mitllers  muscle.  It  is  associated 
with  myosis,  and  sometimes  with  diminished  intraocular  tension, 
and  depends  no  doubt  on  some  lesion  of  the  sympathetic  nerve. 
Different  more  or  less  satisfactory  operations  for  ptosis  are 
described  in  the  chapter  on  operations. 
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NiCTiTATio.— Constant  blinldng  is  often  met  with,  and  is 
known  as  nictitatio.    Tlie  cause  of  tliis,  which  is  most  frequent 
in  children  and  young  adults,  is  usually  some  irritation  from 
the  eye  itself— conjunctivitis  or  keratitis.    Often  the  irritation 
originates  in  some  other  fibres  of  the  fifth  nerve,  not  uncommonly, 
for  instance,  from  decayed  teeth.    It  may  also  proceed  from  other 
parts  of  the  digestive  tract.   I  have  seen  several  cases  in  children, 
due  to  worms.    At  other  times  the  source  of  irritation  is  quite 
obscure,  and  indeed  the  blinking  is  not  seldom  apparently 
merely  a  habit,  which  has  no  doubt  been  originally  set  up  in 
some  such  manner  as  indicated. 

An  idea  of  the  source  of  irritation  may  sometimes  be  got  by 
dropping  a  solution  of  cocaine  into  the  conjunctival  sac.  If  after 
two  or  three  applications  the  blinking  becomes  less  frequent,  or 
ceases,  it  is  very  probable  that  the  irritation  proceeds  from  the 
eye  ;  if  not,  we  have  to  look  elsewhere  for  it— in  children,  the 
teeth,  or  some  other  part  of  the  digestive  system.  Often  the 
contraction  in  the  orbicularis  is  not  so  general  as  to  cause  actual 
blinking,  but  is  limited  to  certain  of  its  fibres,  mainly ^those  of 
the  lower  lid,  causing  a  disagreeable  twitch  or  "  twitter  "  in  this 

region.  , 

Blephaeospasm,  or  spasmodic  closure  of  the  eyes,  may  be 
constant  or  intermittent.    The  constant  cases  are  associated 
with  photophobia,  or  the  dread  of  light,  and  are  discussed  m  the 
chapter  on  diseases  on  the  conjunctiva.    The  intermittent  cases 
are  very  rare,  and  mainly  caused  by  irritation  of  the  facial 
nerves  which  causes,  at  the  same  time,  other  contractions  of  the 
facial  muscles.    I  have  also  seen  this  apparently  due  to  tumours 
of  the  parotid  gland.     These  spasms  have  sometimes  been 
cured  by  stretching  the  facial  nerve.     In  some  cases  of  so- 
called  epileptiform  neuralgia,  there  is  painful  intermittent 
blepharospasm.    In  one  such  case  I  obtained  considerable  im- 
provement by  tearing  the  supra-orbital  and  nasal  nerves  after 
all  other  measures,  continued  through  many  years,  had  been  of 
no  avail.    In  another  similar  case  I  stretched  and  tore  both 
supra-  and  infra-orbital  branches  without  giving  relief. 

(Edema  of  the  Lids  occurs  along  with  intiamination  localised 
in  different  parts  about  the  face,  and  is  also  frequent  in  affections 
of  the  heart  and  kidneys,  where  there  is  any  cause  for  general 
oedema.    In  some  people  there  seems  to  be  a  tendency  to  oedema 
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in  this  situation,  independently  of  any  general  cause.  This  is 
sometimes  called  frigid  cedema,  and  gives  rise  to  a  very  heavy 
appearance  of  the  lids,  which  can  be  much  improved  by 
removing  an  elliptical  piece  of  the  skin  of  the  lid.  Occa- 
sionally a  persistent  oedema  of  the  lids  is  left  after  attacks  of 
erysipelas  of  tlie  face.  This  may,  without  danger,  be  treated 
in  the  same  way,  if  the  patient  desires  it,  for  the  sake  of  the 
appearance. 

Long  persisting  oedema  appears  to  be  associated  with  chronic 
conditions  of  inflammation  in  the  mucous  membrane  of  the  nose, 
to  which  attention  should  always  be  directed  when  the  cause  is 
doubtful. 

Abscess  of  the  Lid  is  most  frequently  traumatic,  often  the 
result  of  the  breaking  down  of  a  blood-clot,  which  has  been 
formed  at  the  time  of  the  contusion.  The  abscess  should  be 
opened  and  treated  antiseptically  as  soon  as  fluctuation  can  be 
felt.  Boils,  too,  are  occasionally  met  with,  principally  in  the 
upper  lid. 

A  serious  form  of  infectious  abscess  of  the  lid  occurs,  fortu- 
nately only  rarely,  in  children  ;  it  begins  as  a  pustule,  and  leads 
rapidly  to  great  erysipelatous  swelling  and  redness,  followed  by 
gangrenous  destruction  of  more  or  less  of  the  skin  of  the  lid. 
The  cases  I  have  seen  have  been  exactly  like  noma  elsewhere, 
and  probably  it  is  the  same  disease.  A  similar  condition  is  said 
sometimes  to  occur  amongst  butchers  and  wool-sorters,  and  often 
proves  fatal. 

Dermoid  Cysts  are  not  uncommon  in  the  lids,  and  are  most 
frequently  situated  to  the  temporal  side  of  the  upper  lid,  over 
the  orbital  ridge.  They  can  be  removed  either  by  being  care- 
fully dissected  out,  or,  through  a  small  opening,  by  puncture, 
followed  by  squeezing  out  of  the  contents  and  removal  of  the  sac 
with  a  pair  of  toothed  forceps.  The  incision  must  be  made  in 
either  case  parallel  with  the  margin  of  the  orbit. 

N^EVi  OF  THE  Lids  should  be  treated  by  electrolysis,  if  of  any 
size,  or  if  growing;  other  methods  of  treatment  are  liable  to 
cause  too  much  destruction  of  the  tissues. 

Eodent  Ulcers  and  Epitheliomata  are  not  infrequently 
found  affecting  the  lids,  and  have  to  be  removed.  The  loss  of 
substance  thus  sustained  may  be  made  good  by  some  suitable 
plastic  or  transplantation  operation,  but  in  the  case  of  the  lower 
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lid  this  is  often  unnecessary,  as  the  deformity,  after  healing 
has  taken  place,  is  often  much  less  than  might  have  been 

expected.  .  ,  , 

Chancres  and  Vaccine  Pocks  are  occasionally  found  on  the 
lids  being  produced  in  both  cases  by  direct  infection  of  specific 
matter    The  first,  from  the  considerable  time  which  it  takes 
to  develop,  is  sometimes  difficult  to  diagnose;  the  vaccme  pock 
on  the  other  hand,  is  usually  characteristic,  and  the  source  ot 
infection  readily  discovered.    Chancre  in  this  situation  is  pro- 
bably in  most  cases  communicated  by  kissing.    I  have  seen  it 
in  both  adults  and  children.    One  of  the  cases  which  have  come 
under  my  observation  was  a  woman  of  eighty-four,  who  had 
charge  of  an  extremely  syphilitic  infant.    Vaccmia  is  more 
common  in  women  than  in  men.     Of  five  well-marked  cases 
which  I  have  seen,  four  occurred  in  women.    There  is  always 
either  a  distinct  history  of  inoculation,  or  of  the  possibility  ot 
inoculation.    A  child  has  been  vaccinated  ten  or  fourteen  days 
before  the  patient  is  seen.    Usually  the  pock  occurs  on  the 
lower  lid,  but  there  are  also  to  be  found  one  or  more  ulcerated 
patches  on  the  margin  of  the  upper  lid  where  it  comes  into 
contact  with  the  macerated  surface  of  the  primary  vaccme 
ulcer    The  swelling  is  always  great,  and  involves  not  only  the 
lids  but  also  the  cheek.    The  base  of  the  ulcer  is  decided  y 
harder  than  the  surrounding  swelling ;  but  not  so  distinctly 
indurated  as  in  the  case  of  chancre  of  the  lid  and  the  glands 
are  not  swollen.    There  is,  comparatively  speakmg,  very  little 
pain ;  practically  no  spontaneous  pain,  and  but  little  tenderness 
to  touch.    The  eye  itself  does  not  seem  ever  to  be  affected. 
Vaccinia  of  the  lid  never  leads  to  any  alteration  m  its  position, 
and  even  the  cicatrix  left  is  slight-barely  perceptible,  owing, 
no  doubt,  to  the  laxity  of  the  skin  in  this  situation. 

The  syphilitic  sore  is  always  a  more  distinctly  clean-cut, 
eaten-out  ulcer,  which  has  taken  a  considerable  time  to  develop 
from  its  first  appearance  as  a  pimple  at  the  l^^;^;^^'^;^"^-  .  ^ 
opposite  lid  margin  is  not  as  a  rule  ulcerated.  The  base  of  the 
ulcer  is  greatly  indurated  ;  and  the  pre-aunciilar  gland-often, 
also,  the  submaxillary  glands-are  swollen.  There  is  no  history 
which  can  in  any  way  connect  the  case  with  vaccination,  and 
usually  one  whi'ch  renders  a  syphilitic  contagion  possible. 
Secondary  symptoms  appear  in  due  course. 
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Saecoma  of  the  Lid  is  met  with  as  a  great  rarity  in  children 
and  young  adults.  Other  uncommon  affections  in  this  situation 
are  fatty  tumours,  elephantiasis,  neuroma,  and  colohoma.  The 
last  may  occur  along  with  coloboma  of  the  iris.  It  should  be 
treated  as  soon  as  possible,  by  paring  the  edges  of  the  slit  and 
uniting  them  by  sutures,  so  as  to  secure  a  proper  covering  for 
the  cornea. 

Blephaeophimosis  —  Anchyloblepharon.  —  Chronic  affec- 
tions of  the  lids,  especially  such  as  keep  up  an  excoriation  of 
the  skin  at  the  outer  canthus,  may  lead  to  a  narrowing  of  the 
lid  aperture,  or  blepharophimosis.    The  treatment  for  this  is  to 


Fig.  17. — Symblepharon. 

enlarge  the  palpebral  fissures  in  the  manner  described  under 
the  name  of  cantluoplasty,  in  the  chapter  on  operations.  "When 
either  the  complete  ciliary  margin,  or  a  portion  of  its  centre  is 
united  with  that  of  the  other  lid,  the  condition  is  known  as 
anchyloblepharon.  This  is  sometimes  congenital,  but  more 
commonly  the  result  of  burns  or  other  accidents,  causing  a  loss 
of  substance ;  sometimes  also  of  long-continued  inflammations. 
The  treatment  is  usually  simple  enough,  if  it  is  not  associated, 
as  is  often  the  case,  with  symblepharon. 
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Symblephakon.— When  some  injury  or  destruction  of  the  two 
opposing  conjunctival  surfaces  of  the  lid  and  eye  has  taken 
place,  there  is  a  tendency  for  the  lids  to  grow  together  and 
thus  o-ive  rise  to  the  condition  known  as  symhlepharon.  ihis 
is  most  likely  to  occur  in  all  cases  where  that  portion  of  the 
coniunctiva,  which  forms  the  fold  between  the  ocular  and  palpe- 
bral coverings,  is  involved  in  the  ulcerative  or  destructive 
processes;  indeed,  it  is  then  abnost  impossible,  except  by 
performing  some  operation  to  effect  a  covering  of  the  raw 
surface,  to  avoid  their  growing  together,  as,  however  frequently 


Fig  18.— Symblepharon. 

the  two  surfaces  be  separated,  healing  will  slowly  take  place 
from  the  angle  between  them. 

When  the  fold  is  not  involved,  the  frequent  separation  of 
the  opposing  surfaces,  by  making  passive  movements  of  the.  lid, 
and  at  the  same  time  dropping  a  few  drops  of  oil  into  the 
conjunctival  sac,  will  generally  permit  of  their  cicatrising 
independently,  and  thus  obviate  the  symblepharon. 

The  severity  of  the  alteration  caused  by  symblepharon  is 
very  different,  according  to  the  position  and  extent  of  the 
adhesion  between  the  conjunctival  surfaces.  In  very  bad  cases 
the  eye  may  be  rendered  almost  completely  immoveable  by  a 
glueing  of  both  lids  to  it.  Often,  at  the  same  time,  the  cornea  is 
rendered  opaque  by  the  accident  causing  the  symblepharon. 
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Sometimes  the  adhesioii  takes  place  between  the  lid  and  the 
cornea,  and  causes  a  still  greater  interference  with  vision  than 
would  have  resulted  from  injury  to  the  cornea  alone  had  this 
not  occurred.  Adhesion  at  the  inner  and  outer  sides,  by 
interfering  with  the  lateral  movements  of  the  eye,  may  give  rise 
to  diplopia. 

The  operations  which  can  be  performed  for  these  different 
cases  are  described  in  another  Chapter. 


Diseases  of  the  Lachrymal  Appaeatus. 

Affections  of  the  Lachrymal  Gland. — Inflammation  of 
the  lachrymal  gland  is  a  rather  rare  affection,  which  occurs 
both  in  an  acute  and  chronic  form.  The  acute  inflammation  is 
accompanied  by  very  considerable  swelling  of  the  lid  and 
conjunctiva,  especially  their  external  portions.  The  swollen 
lid  is  tender  to  pressure,  and  through  the  skin,  which  is  move- 
able over  it,  can  be  felt  the  hard  margin  of  the  enlarged  gland. 
Not  only  does  the  increased  size  of  the  gland  cause  considerable 
drooping  and  more  or  less  complete  immobility  of  the  upper  lid, 
but  it  may  also  give  rise  to  some  protrusion  and  depression 
of  the  eye  itself.  If  it  is  possible  to  evert  the  lid,  the  lower 
portion  of  the  swollen  gland  may  be  seen  pressing  forward  the 
fold  of  conjunctiva  forming  the  transition  between  the  portions 
covering  the  eye  and  the  lid.  When  an  abscess  forms,  it  may 
burst  either  through  the  skin  or  through  the  conjunctiva ;  in 
either  case  a  fistulous  opening  is  likely  to  result.  A  spreading 
of  the  purulent  inflammation  to  the  cellular  tissue  of  the  orbit 
has  only  been  observed  in  a  few  cases. 

The  treatment  should  first  be  directed  towards  preventing 
suppuration  by  means  of  ice-compresses,  counter-irritation  with 
iodine,  &c. ;  but  as  soon  as  there  is  fluctuation  an  opening 
should  be  made,  preferably,  if  possible,  through  the  conjunctiva 
as  a  fistula  in  that  situation  is  not  so  awkward  as  one  opening 
through  the  skin. 

Inflammation  of  the  lachrymal  gland  sometimes  becomes 
chronic,  or  may  be  chronic  from  the  first.  Some  of  these  cases 
are  bilateral,  and  appear  to  be  mostly  syphilitic  in  their  nature. 
The  acute  inflammation  is  most  frequent  in  children,  and  the 
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cause  is  usually  some  trauma.  In  chronic  cases  which  resist 
any  other  treatment,  the  palpebral  portion  of  the  gland  may  be 

6XClS6Cl 

Simple  Hypertrophy  or  Adenoma  of  the  Lachry^ial 
Gland  is  also  met  with,  and  sometimes  the  gland,  though 
apparently  not  very  much  enlarged,  sinks   down  into  the 
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19.  Transverse  section  of  face  from  above  do^vnwards  and 

slightly  backwards  from  frontal  sinus  to  first  molar  tooth.  It  opened 
nasal  cavity  [A),  lachrymal  sac  [B),  nasal  duct  ((7),  and  antrum  of  High- 
more  (D).  .  .  , 

Bristles  were  passed  through  puncta  and  canaliculi  nito  lachrymal  sac. 

Middle  turbinated  process  [E).  Inferior  turbinated  process  {F). — 
From  a  preparation  by  Dr.  Symington. 

upper  hd,  causing  ptosis.  In  either  case  excision  is  neces- 
sary, care  being  taken  not  to  interfere  with  the  tendon  of 
the  levator  palpebral.  Fibroma  of  the  lachrymal  gland  also 
occurs. 

Fistula  of  the  Lachrymal  Gland  arises  from  the  bursting 
of  an  abscess  of  the  gland,  and  has  also  been  recorded  as  a 
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congenital  condition  by  Steinheim.  G-enerally  the  fistula  is 
an  extremely  narrow  capillary  channel,  so  that  the  tears  which 
find  their  way  through  it  may  be  little  more  than  fine  beads, 
which  evaporate  without  flowing  over  the  skin  of  the  lid. 
There  is  then  a  tendency  for  it  to  close  from  time  to  time,  and 
reopen  after  this  has  led  to  some  little  irritation  from  surround- 
ing infiltration. 

Treatment. — Cases  which  cause  little  or  no  trouble  may  be 
left  alone.  When  the  skin  is  much  irritated  by  the  tears,  an 
attempt  should  be  made  to  cure  the  fistula  by  means  of  a  wire 
heated  by  the  galvanic  current,  or  by  Bowman's  operation,  for 
diverting  the  opening  from  the  outer  to  the  conjunctival  sur- 
face. Often  any  attempt  to  cure  the  fistula  is  unsuccessful,  and 
recourse  has  then  to  be  taken  to  partial  excision  of  the  gland. 

Malignant  Tumours. — Both  sarcoma  and  carcinoma  occa- 
sionally affect  the  lachrymal  gland.  The  diagnosis  is  usually 
not  easy,  as  there  is  at  first  no  difference  between  them  and  the 
simpler  forms  of  hypertrophy.  On  this  account  it  is  better  to 
make  a  practice  of  excising  the  gland  in  all  cases  where  it  is 
enlarged  on  one  side  alone,  and  the  cause  is  not  an  acute 
inflammation.  The  removal  of  the  gland  does  not  interfere 
with  the  necessary  supply  of  moisture  to  the  eye,  as,  although 
the  tear  supply  is  thus  removed,  other  secretions  from  the  lids 
suffice  for  the  purpose. 

Dacryops,  or  a  clear  cyst  due  to  distention  of  one  of  the 
lachrymal  ducts  with  tears,  is  a  rare  affection  of  the  lower 
surface  of  the  upper  lid.  In  one  such  case  which  came  under 
my  treatment,  the  cyst  entirely  disappeared  after  one  puncture, 
but  it  is  generally  recommended  to  keep  the  opening  made, 
patent  for  some  time,  as  there  is  a  tendency  to  reaccumulation. 

Diseases  of  the  Tear  Passages.— Affections  of  the  parts 
connected  with  the  excretion  of  tlie  tears — (see  Figs.  19  and  20) 
— are  of  frequent  occurrence  at  all  ages,  and  are  consequently 
of  considerably  more  practical  importance  than  those  which 
involve  the  secretory  mechanism. 

The  proper  removal  of  the  tears  down  into  the  nose  may  be 
impeded  by  abnormalities  in  the  structure  and  position  of  the 
canaliculi,  by  acute  or  chronic  conditions  of  inflammation  of 
the  lachrymal  sac,  or  by  strictures  in  some  parts  of  the  lachry- 
mal canal. 
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Tig.  20.— Oblique  section  made  from  above  downwards,  backwards, 
and  slightly  outwards  in  the  direction  of  the  tear  duct.  The  section 
opened  the  lachrymal  sac  near  its  outer  wall,  and  the  lachrymal  duct 
slightly  towards  its  inner  wall.  The  termination  of  the  duct  lies  in  the 
same  sagittal  plane  as  the  o\iter  surface  of  the  ala  nasi,  and  about  one 
inch  behind  its  junction  with  the  clieek.  It  opens  into  the  outer  wall  of 
the  inferior  meatus. 

F,  frontal  sinus  M,  inferior  meatus  ;  tear  sac  ;  B,  tear  duct ;  B, 
anterior  wall  of  superior  ma.xilla,  forming  anterior  wall  of  duct ;  A , 
antrum. — Prom  a  preparation  by  Dr.  Symington. 
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Abnormalities  in  connection  with  the  canaliculi,  more 
especially  of  the  lower  ones,  on  which,  under  normal  circum- 
stances, most  of  the  work  devolves,  are  sometimes  congenital, 
but  more  frequently  acquired.  Thus,  cases  are  met  with  in 
which  the  puncta  lachrymaHa  and  canahculi  are  absent  or 
obliterated.  Sometimes  there  are  found  supernumary  puncta 
in  connection  with  other,  usually  incomplete,  canaliculi.  A 
narrowing  of  the  canaliculi  leading  to  epiphora,  or  watering  of 
the  eye,  is  a  frequent  result  of  conjunctivitis.  In  the  normal 
state  the  puncta  are  not  seen  without  shghtly  everting  the 
licls— they  are  applied  to  the  eye.  The  tears  find  their  way 
by  capillarity  between  the  lids  and  the  eye  to  the  puncta,  being 
prevented  from  overflowing  when  not  too  copious  by  the  oily 
margin  of  the  lower  lid.  A  slight  eversion  of  the  puncta,  how- 
ever, without  any  manifest  ectropion,  is  sufficient  to  cause 
epiphora. 

"Where  the  condition  of  eversion  is  permanent,  and  not  due 
to  some  temporary  swelling  of  the  conjunctiva,  all  that  is 
necessary,  as  a  rule,  to  cure  the  watery  condition  of  the  eye  is 
to  convert  the  canaliculus  into  an  open  rill.  This  method  of 
treatment,  first  introduced  by  Bowman,  is  described,  as  it  is  now 
performed,  with  the  narrow  probe-pointed  knife  of  Weber,  in 
Chapter  XVIII.  The  tears  pass  more  readily  into  the  open 
channel,  and  from  thence  into  the  tear  sac  and  duct,  so  that 
after  the  slight  irritation  caused  by  the  cut  the  overflow  ceases. 
The  same  treatment  is  also  generally  the  most  applicable  where 
the  canaliculus  is  narrowed,  but  an  attempt  may  sometimes 
be  made  to  dilate  it,  by  passing  small  probes  along  it.  Elec- 
trolysis has  been  used  for  this  purpose  by  Jessop  and 
Steavenson. 

"Wounds  of  the  lid,  if  they  involve  the  canaliculus,  are  very 
apt  to  lead  to  troublesome  epiphora  after  cicatrisation.  When 
the  patient  is  seen  soon  after  the  accident,  care  should  be  taken, 
if  the  edges  of  the  wound  have  to  be  brought  together,  to  avoid 
obliteration  of  the  channel.  The  simplest  way  of  doing  this  is 
to  slit  up  the  two  portions  of  the  divided  canaliculus,  and  pre- 
vent them  reclosing  by  occasionally  running  a  probe  along  the 
rill  thus  formed,  until  the  lid  wound  has  healed.  The  attempt 
is  sometimes  made  to  maintain  the  canaliculus  entire  by  leaving 
a  piece  of  silver  wire  in,  but  this  is  very  apt  to  be  unsuccessful, 
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and  the  result  is  in  any  case  no  more  satisfactory,  and  much 
more  troublesome  to  attain,  than  that  which  follows  the  simple 
slitting.  In  cases  where  obliteration  has  taken  place  just  at 
the  lower  punctum— a  rare  condition,  and  generally  the  result 
of  some  localised  inflammation  or  slight  wound— the  upper 
canaliculus  will  have  to  be  slit,  but  if  the  punctum  there  be  also 
obhterated,  an  opening  may  be  got  by  cuttmg  mto  the  sac, 
passing  a  narrow  probe  along  the  canaliculus,  and  then  cuttmg 
down  upon  it. 

Sometimes  foreign  bodies  get  into  the  canaliculi,  and  more 
or  less  completely  block  up  the  passage  for  the  tears.  Occasion- 
ally one  sees  a  portion  of  an  eyelash  sticking  in,  and  this  may, 
in  rare  instances,  form  the  nucleus  for  an  incrustation.  Con- 
cretions that  form  in  this  situation  have  been  shown  to  be 
mainly  fungoid,  being  made  up  of  masses  of  leptothrix. 

Polypi,  or  rather  Papillomata,  occur  as  a  rare  disease  of  the 
canaliculus.  If  they  show  much  tendency  to  grow  and  cause 
epiphora,  they  should  be  removed.  The  affection  is  rather 
troublesome,  and  it  is  not  easy  to  completely  eradicate  the 
growths  without  causing  more  mutilation  than  is  compatible 
with  the  function  of  the  parts. 

Inflammation  of  the  Teae  Sac— The  mucous  membraiie  of 
the  tear  sac  is  liable  to  become  inflamed,  and  this  gives  rise  to 
either  an  increase  in  the  normal  secretions  or  to  the  secretion 
of  abnormal  products. 

Inflammation  of  the  sac  is  known  as  dacryocystitis,  and  may 
be  of  different  degrees  of  acuteness.  As  the  mucous  membrane 
of  the  sac  swells,  its  lower  orifice  or  passage  into  the  tear  duct 
becomes  narrowed  or  closed,  partly  by  the  approximation  of  the 
swollen  folds  of  the  membrane  which  are  met  with  in  this 
situation,  and  partly,  no  doubt,  by  the  increased  mucoid  secretion 
from  the  swollen  surface.  The  result,  in  any  case,  is  that  the 
tears  do  not  get  properly  down  into  the  nose,  and  by  their 
retention  set  up  further  irritation,  while  at  the  same  time  they 
flow  over  on  to  the  cheek.  The  secretion,  if  the  inflammation 
be  merely  catarrhal,  may  be  mainly  or  wholly  mucoid,  and 
gradually,  as  it  collects,  it  leads  to  distention  of  the  sac.  This 
causes  a  swelling  at  the  inner  angle  of  the  eye,  wliich  gives  a 
more  or  less  elastic  impression  to  the  finger.  Often  by  pressing 
firmly  on  this  swelling  the  mucus  can  be  pressed  down  into  the 
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nose.  Such  a  condition  has  received  different  names,  but  it  is 
most  commonly  termed  a  mucocele.  The  mucus  may  be  perfectly 
clear  and  transparent,  or  more  or  less  turbid  from  the  admixture 
of  pus  cells. 

The  most  common  form  of  inflammation  of  the  sac  is  a 
chronic  blenorrhoea,  in  which,  along  with  epiphora,  there  is  no 
marked  distention  of  the  cavity,  but  in  which,  on  pressure  over 
the  sac,  some  thin  purulent  matter  escapes  as  a  rule  by  the 
canaliculi.  In  a  certain  proportion  of  such  cases,  and  relatively 
much  more  frequently  in  children  than  adults,  the  purulent 
inflammation  becomes  acute,  and  may  lead  not  only  to  accu- 
mulation of  pus  in  the  cavity,  but  to  inflammation  of  the 
superjacent  tissues. 

Acute  Purulent  Dacryocystitis  generally  causes  oedema  of 
the  eyelids,  which,  if  considerable  in  amount,  may  altogether 
mask  the  local  swelling,  so  that  any  one  unaccustomed  to  see 
such  cases  might  well  imagine  that  the  lids  or  the  peri- 
osteum round  the  border  of  the  orbit  was  the  site  of  the 
inflammation. 

The  diagnosis  can  readily  be  made  by  determining,  on 
pressure  with  the  finger,  the  point  of  greatest  tenderness.  In 
dacryocystitis  no  pain  is  felt  until  pressure  is  made  over  the 
sac,  where  even  the  slightest  pressure  is  often  exceedingly 
painful. 

In  some  cases  of  acute  inflammation  of  the  sac,  healing  takes 
place  without  any  bursting  of  the  abscess;  but  in  many  the  skin 
over  the  sac  becomes  more  and  more  thinned,  and  eventually 
gives  way.  This  usually  takes  place  at  a  somewhat  lower  level 
than  the  sac  itself  after  the  tissues  above  have  been  infiltrated 
— at  the  most  dependent  part,  therefore,  of  the  superficial 
abscess  thus  formed.  The  result  of  this  is  that  there  is  a 
passage  of  some  length  formed  between  the  external  and  in- 
ternal openings,  which  has  a  tendency  to  become  fistulous. 
Sometimes  a  more  or  less  extensive  necrosis  of  the  skin  takes 
place,  so  that  an  ulcer  is  established  in  this  situation,  which 
may  lead  to  cicatricial  ectropion  of  the  lower  lid. 

Dacryocystitis  is  most  frequently  set  up  by  an  inflammation 
originating  in  the  mucous  membrane  itself,  and  is  probably  as  a 
rule  the  result  of  extension  of  a  similar  condition  from  the 
mucous  membrane  of  the  nose,  only  increased  in  severity  by 
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the  irritation  which  the  retention  of  ti.e  secretion  producer 
Sometimes  it  appears  to  be  primarily  associated  with  disea  e 
the  bone  or  periosteum,  which  is  then  of  a  strumous  or  syphih  ic 
nature.  The  ordinary  inflammation  beginning  m  the  sac  rarely, 
if  ever,  spreads  to  the  bone;  so  that  in  cases  where  the  bone  is 
found  to  be  diseased,  and  not  merely  bare,  as  may  result  trom 
rough  tieatment,  such  disease  must  be  looked  upon  as  the 

primary  affection.  *  fi,o 

A  correct  idea  of   tiie  etiology  of  inflammation  of  he 
lachrymal  sac  is  of  importance  in  suggestmg  a  suitable  plan 
of  treatment.    There  can  be  littie  doubt  that  by  far  the  largest 
majority  of  cases  begin  as  a  cold  in  the  head,  an  affection  trom 
which  few  escape  altogether,  but  to  which  some  are  much 
more  liable  than  others.    If  tiie  swelling  of  the  mucous  mem- 
brane of  the  lachrymal  duct  persists  for  long,  there  is  a 
tendency,  when  any  individual  predisposition  exists,  to  the 
stagnation  and  decomposition  of  the  secretions  in  the  sac,  which 
becomes  more  and  more  pronounced  the  more  its  anterior  wail 
becomes  distended.    This  sets  up  an  irritation,  and  leads,  as  a 
rule,  to  blenorrhoea  of  the  sac,  which  may  be  more  or  less  pro- 
nounced, and  which  is  liable  at  any  time  to  pass  mto  the  acute 
form  of  dacryocystitis.     Wlien  this  takes  place  there  has 
generally  been  a  fresh  coryza  shortly  before ;  or,  if  tiiis  is  not  the 
case,  some  increased  swelling  in  the  mucous  membrane  of  the 
duct,  or  some  increased  vir^ilence  of  the  decomposing  secretion 
lodged  in  the  sac,  must  be  looked  upon  as  the  cause  of  the 
symptoms  becoming  more  severe.    It  is  remarkable  how  seldom 
any  complication  in  the  sac  is  met  with  in  cases  of  purulent 
conjunctivitis.     I  have  occasionally  seen  dacryocystitis  after 
ophthalmia  neonatorum,  but  only  in  cases  where  there  have 
been  more  or  less  marked,  probably  syphilitic,  changes  about 
the  mouth  and  nose,  to  which  the  condition  might  more  readily 
be  ascribed.     It  is  conspicuously  absent   after  gonorrhoeal 
conjunctivitis.    These  facts  render  it  certain  that  a  spreading 
of  a  conjunctival  affection  to  the  mucous  membrane  of  the  tear 
sac  is  at  all  events  only  a  very  exceptional  cause  of  blenorrhoea 
of  the  sac.    Hansen  Grut  goes  as  far  as  to  say  that  "  affections 
of  the  conjunctiva,  met  with  along  with  blenorrhoea  of  the  sac, 
are  either  accidental  complications  or  are  caused  by  it." 

The  secretion  which  passes  into  the  conjunctival  sac  from 
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the  abnormally  inflamed  tear  sac  is  not  infectious,  and  never 
leads  either  to  purulent  inflammation  of  the  conjunctiva  or  to 
conjunctivitis  if  transferred  to  the  other  eye,  though  it  is 
more  or  less  irritating,  and  thus  gives  rise  to  blepharitis.  It 
possesses,  therefore,  none  of  the  virulence  of  the  pus  which  is 
found  in  a  case  of  gonorrhoeal  conjunctivitis.  Nevertheless,  it  is 
well  known  to  be  a  source  of  great  danger  when  any  operation 
is  performed  on  the  eye,  and  the  cause  in  many  cases  of  the 
septic  hypopyon  ulcer  which  follows  sHght  abrasions  of  the 
cornea. 

By  many,  strictures  of  the  duct  are  looked  upon  as  the 
immediate  exciting  cause  of  dacryocystitis  ;  yet  it  is  remark- 
able in  what  a  large  proportion  of  cases  probes  can  be  passed 
with  the  greatest  ease  when  once  the  sac  has  been  opened 
into.  Many  cases  of  stricture,  where  the  stricture  is  far  down 
at  the  entrance  of  the  duct  into  the  nose,  do  not  give  rise  to 
inflammation  of  the  sac,  and  as  for  the  strictures  which  are  met 
with  in  the  other  situations  where  they  are  common,  viz.,  at  the 
lower  orifice  of  the  sac,  these,  as  Hansen  Grut  has  pointed  out, 
are  almost  invariably  the  consequence  of  the  destructive 
inflammation  of  an  acute  dacryocystitis,  and  not  its  cause. 

The  treatment  of  blenorrhoea  of  the  tear  sac  should  aim  at 
preventing  the  occurrence  of  acute  phlegmonous  inflammation ; 
and  stopping  as  far  as  possible  the  interference  with  the  dis- 
charge of  the  tears.  The  first,  however,  is  the  most  important ; 
but  as  many  cases  are  first  seen  when  the  stage  of  acute  inflam- 
mation has  already  begun,  it  is  also  necessary  to  consider  the 
proper  course  of  treatment  to  be  adopted  under  such  circum- 
stances. 

As  soon  as  the  existence  of  a  chronic  blenorrhoea  has  been 
diagnosed,  active  treatment  should  be  begun  without  delay. 
This  should  consist  in  making  an  opening  into  the  sac  from 
above,  through  one  or  both  of  the  canaliculi,  probing  the  duct 
from  time  to  time,  so  as  to  maintain  its  patency,  and  by  astrin- 
gent and  antiseptic  injections  modifying,  as  far  as  possible,  the 
character  of  the  secretion  from  the  mucous  surfaces. 

The  choice  of  which  canaliculus  to  ojjeu  is  perhaps  hardly  a 
very  important  matter,  still  there  are  good  reasons  for  preferring 
the  upper.  In  the  first  place,  the  lower  is  then  left  in  its 
physiological  state,  and  as  it  has  most  to  do  witli  the  removal 
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of  the  tears,  this  may  be  some,  though  possibly  only  a  very 
slight,  advantage.  A  more  practical  consideration  is  the  circum- 
stance that  the  upper  canaliculus  is  in  a  more  direct  line  with 
the  duct,  so  that  probes  can  be  passed  without  stretching  the 
tissues  at  the  opening  into  the  sac  to  the  same  extent  as  is 
often  done  when  the  lower  canaliculus  is  opened,  and  which 
may  lead  to  cicatricial  contractions  in  this  situation,  and 
consequently  to  a  complication  which  is  apt  to  prove  trouble- 
some. 

The  canaliculus  should  be  freely  opened  into  the  sac  in 
the  manner  described  in  the  chapter  on  operations,  and  the 
knife  then  passed  into  the  sac  itself,  with  the  cutting  edge 
directed  forward,  and  then  made,  by  a  slight  sawing  move- 
ment and  slight  rotation  on  its  axis  to  either  side,  to  freely 
divide  any  constricting  bands  which  are  present  in  this  situa- 
tion.   After  this  has  been  done,  a  medium -sized  probe  should 
be  passed  down  the  duct  into  the  nose.    One  of  the  most 
convenient  kind  of  probes  are  those  introduced  by  Argyll 
Eobertson,  which  are  made  of  soft  silver,  and  can  thus  easily  be 
bent  to  any  shape  required.     As  has  been  abready  said,  the 
probe  can  usually  be  passed  without  the  slightest  difficulty.  It 
may  be  left  in  for  five  or  ten  minutes,  and  when  withdrawn,  the 
patient  is  directed,  while  shutting  his  mouth  and  holding  his 
nose,  to  blow  so  as  to  puff  out  the  cheeks.    This  sends  a  stream 
of  air  up  the  duct  which  carries  with  it  some  of  the  secretions 
and  shows  that  it  is  free.    In  the  normal  state,  owing  to  the 
valvular  nature  of  the  opening  at  the  lower  end  of  the  duct,  and 
the  narrowness  of  the  canaliculi,  it  is  rarely  possible  to  blow  air 
through  in  this  way,  and  soon  after  probing,  too,  the  attempt  is 
usually  unsuccessful.    The  same  probe  may  subsequently  be 
passed  again  at  intervals  of  two  or  three  days,  and  then  followed 
by  an  injection  of  carbolic  acid  (1-40)  through  the  duct. 

There  is  no  necessity  for  passing  larger  probes,  as  is  often 
done,  in  the  belief  that  the  most  important  part  in  the  treatment 
consists  in  maximally  dilating  the  duct.  I  have  tried  such 
probes,  especially  those  introduced  by  Couper,  and  am  convinced 
that  they  either  do  no  good,  or  are  positively  hurtful.  The  injec- 
tions are  best  made  with  a  hollow  probe,  which  is  first  passed 
into  the  nose,  and  then  slowly  withdrawn  as  the  fluid  is  forced 
through.    In  this  way  every  part  is  thoroughly  cleansed.  By 
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this  treatment  a  great  improvement  usually  takes  place  in  the 
course  of  two  or  three  weeks,  but  the  length  of  time  during 
which  the  treatment  has  to  be  continued  depends  a  good  deal 
on  the  chronicity  of  the  case.  The  reason  of  this  seems  to  be 
the  tendency  to  greater  and  greater  distention  of  the  sac,  and 
consequently  a  greater  likelihood  of  stagnation  taking  place  in 
it  the  longer  the  case  has  continued. 

In  the  case  of  acute  dacryocystitis,  if  seen  before  the  skin 
over  the  sac  has  become  very  much  thinned,  a  free  opening 
should  be  made  into  it  by  slitting  both  canaliculi  and  pressing 
out  the  pus.  The  inflammation  will  then,  as  a  rule,  subside, 
and  after  a  few  days  admit  of  probing  and  syringing.  In  such 
cases  it  is  not  advisable  to  probe  at  once,  not  only  because  the 
state  of  acute  inflammation  makes  it  very  much  more  painful, 
but  also  because  the  swollen  and  softened  condition  of  the 
mucous  membrane  renders  the  probing  difficult  without  pro- 
ducing lacerations,  the  contractions  following  which  are  liable 
to  give  rise  to  further  mischief.  Wliere  the  overlying  tissues 
have  already  become  purulently  infiltrated  when  the  case  first 
comes  under  observation,  the  sac  must  be  opened  into  by  a 
vertical  incision.  The  opening  should  be  free,  and  not  be 
allowed  to  close  for  some  days,  u.ntil  the  discharge  has  much 
diminished  and  the  swelling  gone  down.  The  wound  may  be 
dressed  with  cotton  wool  dipped  in  corrosive  sublimate  and 
covered  with  gutta-percha  tissue.  Afterwards  the  upper  canali- 
culus should  be  slit,  and  the  duct  probed  and  syringed  in  the 
manner  already  described.  Occasionally  there  may  be  left  after 
this  treatment  a  fistulous  opening  into  the  sac.  If  this  should 
remain  permanent,  it  can  be  obliterated  by  passing  a  red  hot 
wire  along  it.  A  fistula  is  much  more  likely  to  remain  when 
spontaneous  bursting  of  the  abscess  is  allowed  to  take  place. 

The  treatment  in  cases  which  have  gone  on  to  acute  dacryo- 
cystitis is  often  much  more  difficult  and  unsatisfactory,  on 
account  of  the  great  distention  of  the  sac  which  has  taken 
place,  and  also  not  infrequently  owing  to  the  narrowing  of  the 
orifice  between  the  sac  and  the  duct,  which  necessitates  more 
frequent  probing.  When  a  stricture  exists  in  this  situation, 
the  patient  may,  after  it  has  been  dilated,  be  taught  to  pass 
the  probe  himself,  or,  as  has  been  suggested  and  practised  by 
Benson,  he  may  introduce  pewter  styles  every  night,  remov- 
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ing  them  again  in  the  morning.    By  prolonged  treatment  of  this 
nature  more  or  less  improvement  is  generally  eventually  obtamed, 
but  there  are  always  some  cases  in  which  this  is  not  the  case. 
In  such  it  is  necessary  to  have  recourse  to  destruction  of  the 
sac  altogether.    This  may  either  be  done  by  freely  cauterising 
its  mucous  surface  with  the  thermo-cautery,  or  by  extirpating  it 
altoo-ether    The  latter  is,  on  the  whole,  the  most  satisfactory 
proceeding.    Curiously  enough,  although  the  result  of  destroying 
the  tear  sac  is  to  interfere  completely  with  the  excretion  ot 
the  tears,  it  is  rare  that  any  uncomfortable  degree  of  epiphora 
afterwards  remains;  a  fact  which  points  very  strongly  to  the 
main  cause  of  the  troublesome   epiphora,  m  most  cases  ot 
blenorrhoea  of  the  sac,  being  due  to  other  conditions  than  the 
interference  with  the  normal  patency  of  the  duct;  and  which 
explains  why  so  many  cases  improve  as  soon  as  the  nature  of 
the  secretions  has  been  modified  by  antiseptic  applications. 

Stricture  of  the  Lachrymal  Duct.— The  diagnosis  of  stric- 
ture of  the  duct  cannot  be  made  except  by  probing.  It  may  or 
may  not  exist  along  with  blenorrhrea  of  the  sac.  The  stricture, 
except  in  cases  where  there  is  disease  of  the  bony  canal,  occurs 
mainly  in  two  places— at  the  opening  of  the  sac  into  the  duct, 
and  at  the  nasal  termination  of  the  duct.  Cases  of  true  stricture, 
and  not  mere  swelling  of  the  mucous  membrane  alone,  are  usually 
very  troublesome.  An  attempt  may  always  be  made  to  dilate 
the  stricture  by  the  introduction  of  the  probes  at  intervals  of  a 
few  days,  or  by  causing  the  patient  to  wear  styles,  but  the 
results  are  often  unsatisfactory;  fortunately,  however,  such 
cases  are  comparatively  rare. 

As  has  been  already  said,  the  affections  of  the  lachrymal  sac 
and  duct  are  of  very  great  practical  importance,  not  only  on 
account  of  their  frequency,  but  also  because  of  the  dangers  to 
which  the  eye  is  thereby  exposed.  A  very  large  proportion  of 
cases  of  one-sided  blindness  are  cases  of  dense  leucomata,  follow- 
ing hypopyon  ulcer  of  the  cornea ;  and  that,  again,  is  in  a  large 
percentage  of  cases  the  result  of  infection  from  a  blenorrhoea  of 
the  sac.  A  very  considerable  proportion,  too,  of  the  cases  which 
"  go  wrong  "  after  operations  have  the  same  infectious  cause. 

As  to  the  frequency  of  lachrymal  disease,  I  find  4604 
cases  recorded  out  255,730  patients  treated  during  four  or  five 
years  in  some  of  the  principal  English  hospitals,  —  that  is,  a 
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percentage  of  1-88.  Comparing  the  numbers  for  different  years, 
I  find  that  they  vary  from  less  than  1-3  per  cent,  to  more  than 
2-5  per  cent.,  a  degree  of  variation  which,  as  the  numbers  taken 
are  large,  can  hardly  be  considered  as  wholly  accidental,  but 
points  to  the  existence  of  climatic  influences,  and  suggests  the 
causal  connection  between  coryza  and  lachrymal  affections 
referred  to  above. 


CHAPTEB  III. 


DISEASES  OF  THE  CONJUNCTIVA. 

Hyperemia  op  the  CoNJUNCTiVA.-The  vessels  of  the  conjunc- 
tiva become  abnormally  injected  as  the  first  stage  m  inflamma- 
tion of  that  membrane.    Hyper^emia  of  the  conjunctiva  may, 
however,  exist  without  passing  into  inflammation.     There  is 
then  no  marked  increase  in  the  mucoid  secretions,  although 
always  more  or  less  lachrymation.    The  vessels  of  the  palpebral 
conjunctiva  are  more  injected  than  those  of  the  ocular  conjunc- 
tiva which  in  many  cases  do  not  show  any  abnormahty  m  this 
respect    The  conjunctival  fold,  which  is  usually  pale,  is  injected. 
The  eyes  feel  hot  and  heavy,  and  are  easily  tired  by  any  attempts 
at  reading,  or  by  any  exposure  to  strong  light.    Great  differences 
are  met  with  in  the  severity  of  these  symptoms.    Some  mdm- 
duals  are  liable  to  recurrent  attacks  of  acute  hyper^emia,  which 
suaaests  the  presence  of  some  vasomotor  .disturbance.  in 
others,  a  chronic  condition  of  hypertemia  remains  for  a  long 
time  rendering  them  unflt  for  any  prolonged  use  of  the  eyes. 
Hypera^mia  of  the  conjunctiva  is  set  up  by  local  irritation,  and 
by  various  states  of  general  health,  more  especially  disorders 
of  the  liver. 

The  treatment  should  consist  in  attention  to  the  general 
health— avoidance  of  close,  smoky  atmosphere,  and  the  occa- 
sional sponging  of  the  eyes  with  very  hot  water.    At  the  first 
examination  the  lids  should  be  everted,  so  that  anything  which 
might  possibly  be  lying  in  the  conjunctival  sac  may  be 
removed ;  and  for  the  same  reason  it  is  well  to  use  three  or  four 
times  a  day  a  solution  of  boracic  acid  (1  in  50)  to  bathe  the 
eyes  with.    Astringent  lotions  should,  as  a  rule,  be  avoided. 
Sometimes  it  is  necessary  to  protect  the  eyes  from  light  by 
means  of  darkened  glasses,  but  this  should  not  be  encouraged 
for  any  length  of  time,  as  it  is  extremely  liable  to  increase  the 
sensibility. 
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Conjunctivitis. — All  the  different  forms  of  inflammation, 
catarrhal,  purulent,  and  membranous,  which  occur  in  other 
mucous  membranes  are  met  with  in  the  conjunctiva. 

Two  other  forms,  rarely  occurring  elsewhere,  are  also  common, 
viz.,  granular  and  phlyctenular  conjunctivitis. 

Simple  or  Cataerhal  Conjunctivitis  is  a  common  affec- 
tion, characterised  by  hypersemia  and  swelling  of  the  conjunctiva, 
with  increase  of  the  secretions.  This  gives  rise  to  pain  and  heat 
in  the  eyes,  as  well  as  to  a  feeling  as  if  there  were  constantly 
some  foreign  body,  dust  or  sand,  in  them.  The  lids  feel  heavy 
to  raise,  and  in  the  morning,  or  after  having  been  closed  for 
some  time,  are  more  or  less  glued  together  by  the  secretions 
which  have  dried  on  the  eyelashes.  The  hypersemia,  when 
intense,  may  give  rise  to  a  serous  thickening,  which  is  most 
marked  at  the  conjunctival  fold ;  and,  at  the  same  time,  in  many 
cases  little  papillary  elevations  are  met  with  in  the  same  situa- 
tion. In  very  severe  cases  the  oedema  extends  to  the  ocular 
conjunctiva,  a  condition  to  which  the  name  chemods  is  given. 
It  may  even  extend,,  in  a  slight  degree,  to  the  lid  as  well.  ISTot 
infrequently  small  ecchymoses  also  occur  in  the  conjunctiva. 

Catarrhal  conjunctivitis  is  almost  always  bilateral,  one  eye 
being  often  affected  a  few  days  after  the  other.  It  occurs  most 
frequently  at  certain  times  of  the  year,  more  especially  spring 
and  autumn.  It  is  met  with  either  in  an  acute  or  in  a  chronic 
form.  The  chronic  is  frequently  preceded  by  an  acute  attack. 
In  the  chronic  condition  the  injection  is  mostly  or  entirely 
confined  to  the  conjunctiva  of  the  lids,  which  at  the  same  time 
presents  a  more  or  less  velvety  appearance,  owing  to  the  presence 
of  numerous  injected  papilliform  elevations.  An  eczematous 
thickening  and  excoriation  of  the  skin  of  the  lower  lid,  parti- 
cularly at  the  outer  angle  of  the  eye,  is  often  met  with  at  the 
same  time,  and  in  long-  continued  cases  there  may  be  as  well  a 
certain  degree  of  eversion  of  the  lower  punctum  lachrymale.  The 
interference  with  the  absorption  or  outflow  of  the  tears,  to  which 
this  condition  gives  rise,  tends  to  keep  up  the  inflammation. 
The  irritation  of  the  margin  of  the  lids,  also,  often  leads  to  a 
complication  with  blepharitis. 

Acute  catarrhal  conjunctivitis  is  rarely  complicated  by  any 
corneal  inflammation,  and  does  not  cause  any  permanent  defect 
of  vision.    Besides  the  constant  blinking  and  photophobia,  from 
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which  patients  with  this  affection  suffer,  they  often  complain 
of  temporary  obscuration  of  vision,  or  of  seeing  haloes  or  rays 
round  lights,  or  sometimes  of  polyopia.  All  these  appearances 
are  due  to  little  pieces  of  secretion  in  front  of  the  cornea, 
which  produce  alterations  in  the  refraction  of  the  rays  of  light 
entering  the  eye.  They  disappear  on  rubbing  the  eye,  but  m 
many  cases  quickly  reappear. 

The  secretion  from  a  catarrhal  conjunctivitis  is  certainly 
contagious,  if  the  affection  be  acute,  when  it  is  muco-purulent 
in  character.  In  the  more  chronic  forms  there  are  probably 
considerable  individual  differences  in  this  respect;  but,  on 
the  whole,  the  discharge  in  such  cases  is  not  by  any  means 
markedly  contagious. 

Conjunctivitis  may  be  due  to  the  spreading  of  a  catarrhal 
inflammation  from  the  mucous  membrane  of  the  nose  and 
throat,  or  may  more  frequently  be  set  up  independently  by  any 
mechanical,  thermal,  or  chemical  irritation,  caused  by  the  pre- 
sence of  dust,  smoke,  coal,  vitiated  atmosphere,  or  any  foreign 
substance  remaining  for  some  time  in  the  conjunctival  sac. 
When  chronic,  and  on  the  one  side  only,  there  is  almost  certainly 
some  connection  with  inflammation  of  the  lachrymal  sac.  An 
acute  attack  of  catarrhal  conjunctivitis  does  not  usually  last 
for  more  than  ten  days  or  a  fortnight. 

In  the  treatment  of  conjunctivitis  attention  should  first  be 
directed  to  the  cause.     The  lids  should  be  everted  to  discover 
if  any  foreign  bodies  are  lodged  in  the  conjunctival  sac,  and  the 
condition  of  the  tear  sac  and  canal  examined  into.  Any  unusual 
irritation  by  dust,  smoke,  or  sand,  or  by  strong  light,  should  be 
as  far  as  possible  avoided.    The  local  treatment  should  consist 
in  the  frequent  bathing  of  the  eyes  with  some  weak  non-irri- 
tating antiseptic  lotion,  such  as  boracic  acid  (1-50)  or  corrosive 
sublimate  (1-5000  or  1-10,000).     Care  should  be  taken  that  all 
the  secretion  which  has  dried  on  the  eyelashes  is  removed. 
When  there  is  much  discharge,  nitrate  of  silver  in  solution  (5-10 
grains  to  5i.)  should  be  applied  to  the  everted  lids  once  daily  or 
every  second  day.    In  applying  this  caustic  solution  the  object 
aimed  at  is  to  form  a  protecting  eschar  of  the  albuminate  of  silver 
on  the  surface  of  the  conjunctiva,  and  therefore  care  should 
be  taken  that  the  conjunctival  surface  is  dry  before  the  solution 
comes  in  contact  with  it,  otherwise  it  is  at  once  precipitated  by 
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the  tears  as  the  chloride  of  silver.  In  order  to  avoid  irritating 
the  cornea,  the  excess  should  be  neutralised  with  water.  The 
best  plan  is,  therefore,  to  dry  the  everted  conjunctiva  with  a 
clean  rag,  then  to  apply  the  caustic  solution  with  a  small 
camel's-hair  brush,  and,  after  waiting  ten  or  twelve  seconds, 
to  dip  the  brush  in  water  and  brush  freely  over  the  surface 
which  has  been  painted. 

No  other  astringents  should  be  used  during  the  acute  stage, 
as  they  only  tend  to  keep  up  the  inflammation  and  make 
it  chronic.  Poulticing  or  fomenting,  which  is  frequently  resorted 
to,  must  also  be  avoided.  A  little  simple  ointment  may  be 
smeared  along  the  edges  of  the  lids  at  night  to  prevent  them 
being  glued  together,  and  the  discharge  consequently  retained. 

When  the  conjunctivitis  has  become  chronic,  the  treatment 
should  depend  greatly  upon  the  appearance  presented.  If  the 
conjunctiva  is  much  swollen  and  hypertemic,  and  there  is  at 
the  same  time  a  considerable  amount  of  discharge,  the  nitrate 
of  silver  should  be  used  as  in  the  acute  form,  along  with  anti- 
septic applications.  In  many  cases,  too,  lead  lotion  (2  grains 
to  5i.  of  the  neutral  acetate)  does  good.  Other  cases,  in  which 
there  is  not  so  much  swelling  and  discharge,  are  benefited  by 
some  astringent  application, — solution  of  alum,  tannic  acid, 
sulphate  of  zinc  and  copper,  &c.  Of  these,  alum  in  the  strength 
of  from  2  to  8  grains  to  §i.  is  perhaps  the  most  useful.  Tannic 
acid  may  be  used  as  a  wash  in  the  strength  of  2  grains  to  gi., 
and  with  the  addition  of  si.  of  glycerine  to  each  oi.  of  water.  In 
cases  where  a  good  deal  of  swelling  of  the  conjunctiva  exists, 
principally  of  the  fold,  without  much  hypersemia,  and  with  more 
or  less  glutinous  secretion,  nitric  acid  (1  in  1000)  may  be  tried  in 
addition  to  the  astringents  mentioned.  Sometimes  it  is  necessary, 
in  order  to  get  rid  of  a  chronic  conjunctivitis,  to  wear  darkened 
glasses,  but  this  treatment  should  not  be  resorted  to 'too  much, 
as  it  often  has  not  only  little  influence  on  the  inflammation,  but 
is  apt  to  give  rise  to  more  or  less  hyper-sensitiveness  of  the 
retina.  Finally,  in  all  chronic  cases  attention  must  be  paid  to 
the  general  health,  and  any  existing  digestive  disorders,  or  any 
gouty  or  rheumatic  tendency,  counteracted  as  far  as  possible. 

Sirring  Catarrh. — A  peculiar  variety  of  recurrent  chronic 
conjunctivitis  has  received  the  name  of  spring  catarrh.  This  is  a 
rather  rare  affection,  met  with  in  young  individuals,  and  charac- 
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terised  by  an  injection  and  swelling,  limited  to  the  pericorneal 
portion  of  the  ocular  conjunctiva.    The  elevations  which  are  met 
with  in  this  situation,  and  which  either  extend  all  round  the 
cornea,  or  are  limited  to  some  portions  of  its  margm,  are  solid 
pinkish  or  greyish  milky-looking  masses,  which  show  no  tend- 
ency to  ulcerate.     In  this  respect,  as  well  as  on  account  ot 
their  sohdity,  thev  are  readily  distinguished  from  phlyctenules 
which  they  at   first  sight  sometimes   resemble.     There  is,  ^ 
besides,  associated  with  this  affection,  a  more  or  less  character- 
istic milkish-white  coloration  of  the  conjunctiva  as  a  whole,  in 
some  cases  the  condition  is  accompanied  by  some  increase  in  the 
secretions,  but  rarely  to  any  great  extent.    Slight  infiltration  ot 
the  corneal  margin  may  occur— never,  however,  extendmg  tar  m , 
and  beyond  a  sometimes  high  degree  of  photophobia,  the  ailec- 
tion  does  not  give  rise  to  any  symptoms  of  consequence.  Not 
unfrequentiy  flattened  masses  of  cartilaginous-lookmg  granula- 
tion tissue  make  their  appearance  on  the  surface  of  the  tarsal 
portion  of  the  conjunctiva  of  the  upper  lid.     These  may  attam 
an  enormous  size,  and  such  cases  are  liable  to  be  mistaken  for 
trachoma.    The  inflammation  has,  even  more  than  other  forms  of 
conjunctivitis,  a  tendency  to  recur  every  spring,  and  to  contmue, 
when  once  set  up,  for  several  months.     In  many  cases^  the 
improvement  which  takes  place  at  the  beginning  of  the  winter 
appears  not  to  go  on  to  complete  recovery,  so  that  the  condition 
in  spring  may  be  looked  upon  more  as  an  exacerbation  than  as 
a  true  recurrence.    Spring  catarrh  is  in  reality  a  hyperplasia  of 
the  epithelium  alone ;  there  is  no  deep  infiltration. 

Treatmmt.—A^ivmgQui  lotions  should  be  avoided.  If^  there 
is  much  photophobia,  dark  glasses  may  be  used.  Excision  of 
the  granulations  when  they  are  massive,  or,  still  better,  burn- 
ing them  down  carefully  with  the  thermo-cautery,  is  the  best 
treatment.    No  cicatrix  need  be  left  if  this  is  properly  done. 

Purulent  Conjunctivitis.  —  Although  an  acute  attack  of 
simple  conjunctivitis  is  often  accompanied  by  considerable 
purulent  discharge,  it  is  nevertheless  important,  from  a  clinical 
point  of  view,  to  make  a  distinction  between  this  and  the 
more  characteristically  purulent  forms  of  inflammation,  viz., 
gonorrlmal  conjunctivitis  and  the  conjunctivitis  of  new-born 
infants,  or  what  is  generally  known  by  tlie  name  of  ophtJmlmia 
neonatorum. 
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Gonoirhoeal  Conjunctivitis,  or  gonorrhoeal  ophthalmia,  is  one 
of  the  most  serious  inflammations  met  with  in  the  eye.  It  is 
set  up  usually  by  the  direct  transference  of  pus  from  a  gonor- 
rhoea into  the  conjunctival  sac.  Such  pus  is  now  known  to 
acquire  its  virulence  from  the  presence  of  characteristic  micro- 
organisms, to  which  the  name  of  gonococci  is  given.  The  first 
symptoms  begin  several  hours,  or  it  may  be  a  day  or  two,  after 
inoculation.  The  appearance  during  the  first  day  may  be  such 
as  to  suggest  merely  an  acute  attack  of  simple  conjunctivitis. 
More  frequently  the  rapidity  with  which  the  symptoms  set  in, 
and  especially  the  early  appearance  of  more  or  less  chemosis, 
excites  suspicion,  and  leads  to  the  detection  of  the  source  of  in- 
fiammation.  The  pus  finds  its  way  to  the  eye  from  a  urethral 
or  vaginal  g-onorrhoea,  or  from  a  similar  inflammation  in  some 
other  eye,  so  that  the  inoculation  may  either  be  from  the  indi- 
vidual himself,  as  is  most  commonly  the  case,  particularly  in 
young  men,  or  from  some  one  else  whose  towel  has  been  soiled 
by  the  discharge,  and  used  subsequently  by  the  patient.  The 
great  importance  of  warning  patients  suffering  from  gonorrhoea, 
(and,  in  the  case  of  women,  from  any  other  discharge  as  well),  of 
the  danger  to  their  own  eyes,  and  those  of  others  living  in  the 
same  room,  of  using  towels,  sponges,  &c.,  in  common,  and  of 
the  consequent  necessity  of  absolute  cleanliness,  cannot  be 
exaggerated. 

Considerable  differences  exist  in  the  length  of  time  before 
the  inflammation  reaches  its  full  height  and  leads  to  a  copious 
purulent  discharge.  What  is  usually  distinguished  as  the  first 
stage,  in  which  only  a  watery  and  slightly  mucoid  discharge, 
often  considerable  in  amount,  takes  place,  may  last  a  couple  of 
days  or  more,  or  may  rapidly  pass  on  to  chemosis,  due  to  a 
fibrino-plastic  exu.dation  beneath  the  conjunctiva,  and  to 
swelling  and  redness  of  the  lid.  The  second  stage,  which  is 
characterised  by  the  purulent  discharge  in  addition  to  the 
chemosis  and  swelling  of  the  lid,  may  then  be  reached  on  the 
second  day  after  the  first  symptoms  have  made  their  appearance, 
or  may  be  delayed,  and  this  is  more  common,  till  the  third  or 
fourth  day,  or  even  later. 

The  difference  in  the  rapidity  of  development  has  been 
shown  to  stand  in  close  connection  with  the  amount  of  active 
inoculating  matter  which  enters  the    eye.     Small  amount, 
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dilution,  and  dessication  all  retard  the  onset  as  well  as  the 
rapidity  with  which  the  abnormal  changes  succeed  each  other. 
Yet  the  resulting  inflammation  may  be,  and  most  frequently 
is,  just  as  violent  as  that  which  results  from  inoculation  with  a 
more  copious,  and,  at  the  time,  a  more  virulent  secretion.  This 
fact  would  of  itself  point  to  the  connection  of  micro-organisms 
with  the  affection,  even  if  this  were  not  definitely  estabhshed. 
It  is  also  of  practical  importance,  in  so  far  as  it  indicates  the 
possibility^  of  checking  the  disease  in  some  cases  by  timely  anti- 
septic measures. 

Besides  the  appearances  described  as  characterising  the  first 
stage  of  gonorrhoeal  ophthalmia,  more  or  less  pronounced  sub- 
jective symptoms — pain,  burning  and  neuralgic  m  character, 
photophobia,  and  lachrymation — are  constant,  and  increase  as 
the  tenseness  of  the  swelling  of  the  conjunctiva  and  lid  be- 
comes greater  and  greater.  The  swelling  of  the  upper  hd 
generally  reaches  such  a  degree  as  to  cause  it  to  hang  down 
over  the  lower  Hd,  and  to  assume  a  red  glossy  appearance  on  its 
surface.  It  is  then  perfectly  impossible  for  the  patient  to  open 
his  eye,  or  even  for  it  to  be  raised  to  any  extent  with  the 
finger.  The  full  height  of  the  inflammation  is  generally 
sustained  for  from  one  to  three  days,  after  which  the  skin  of  the 
lids  regains  some  of  its  natural  wrinkling,  and  the  circulation 
in  the  conjunctiva  becomes  freer.  The  discharge  continues  as 
copious  as  before,  but  less  flocculent,  and  the  conjunctiva 
becomes  redder  and  softer. 

The  hardness,  caused  by  the  serous  and  often  fibrino-plastic 
sub-conjunctival  effusion  during  the  course  of  the  inflammation, 
is  a  source  of  danger  to  the  cornea,  whose  nutrition,  derived  as 
it  is  from  the  surrounding  vessels,  becomes  thereby  more  or  less 
interfered  with.  It  is  not  uncommon  to  find,  therefore,  a 
steaminess  or  loss  of  transparency  of  the  cornea,  which  at  the 
time  of  examination  may  or  may  not  be  associated  with  ulcera- 
tion. This  ulceration  is  often  near  the  margin  of  the  cornea, 
and  is  then  hidden  by  overlapping  portions  of  chemosed  con- 
junctiva ;  it  has  a  tendency  to  extend,  not  only  in  depth,  but  also 
circumferentially.  When  extension  takes  place  in  the  latter 
direction,  the  result  is  apt  to  be  a  necrosis  of  the  whole  central 
portion  of  the  cornea,  and  a  consequent  hopeless  destruction  of 
vision.    A  complication  with  corneal  ulceration  may  also  be 
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met  with  at  a  later  stage  of  the  disease,  during  the  period  of 
retrogression.  The  ulcers  then  formed  have  not  unlikely  quite 
a  different  etiology  and  are  more  amenable  to  treatment,  and 
consequently  less  likely  to  lead  to  total  destruction  of  the 
cornea.  They  are  usually,  though  such  an  origin  cannot  always 
be  traced,  due  to  the  inoculation  of  the  corneal  tissue  with  the 
pus  from  the  conjunctiva.  As  long  as  the  conjunctival 
discharge  continues  there  is  the  possibility  of  a  complication  of 
this  nature,  although  the  danger  diminishes  every  day.  On 
this  account  it  is  important  to  avoid  any  rough  handling  during 
the  treatment  of  the  lids,  as  any  abrasion  of  the  cornea  very 
much  increases  the  risk  of  inoculation.  Most  likely  corneal 
affections  met  with  at  any  stage  of  the  conjunctival  inflamma- 
tion are,  properly  speaking,  infective.  While,  however,  the 
later  ones  are  only  liable  to  make  their  appearance  where  the 
cornea  is  abraded,  the  more  serious  early  ulcerations  may  be 
accounted  for  by  supposing  that  there  is  first  an  interference  with 
the  vitality  of  the  superficial  layers,  and  subsequently  inoculation. 

In  acute  cases,  complete  recovery  of  the  conjunctival 
inflammation,  and  a  return  to  the  normal  condition  without  any 
loss  of  substance,  takes  place  in  from  three  to  six  weeks.  Some 
cases  gradually  lapse  into  a  chronic  state.  In  these  cases  the 
conjmictiva  often  remains  enormously  swollen  for  months,  the 
tarsal  portion  assuming  a  thick  and  more  or  less  uniform  velvety 
appearance,  while  the  retrotarsal  folds  present  large  fleshy 
elevations  and  furrows,  which  protrude  into  prominences  when 
the  lids  are  everted.  ISTot  unfrequently  this  leads  to  ectropion. 
The  lower  lid  is  more  often  everted,  on  account  of  the  smaller 
size  of  the  tarsus,  and  the  thickening  of  the  skin  produced  by 
excoriation  of  the  overflowing  tears  and  secretion.  Occasionally, 
however,  the  upper  lid  is  everted  as  well,  the  everted  portion 
being  often  hardened  and  encrusted  if  not  properly  attended  to. 

While  in  all  conditions  the  cornea  is  liable  to  ulceration 
from  inoculation,  the  more  serious,  and,  properly  speaking, 
necrotic  form  is  less  liable  to  make  its  appearance,  or  at  all 
events  to  show  the  same  tendency  to  circumferential  extension 
in  cases  where  a  previous  abnormal  vascularity  has  existed. 
This  circumstance  is  taken  advantage  of  in  the  treatment  by 
inoculation  of  cases  of  dense  superficial  vascular  keratitis  or 
pannus. 
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In  the  treatment  of  gonorrhoeal  ophthalmia  the  first  con- 
sideration, when  only  one  eye  is  affected-and  this  fortunately  is 
the  rule— must  be  to  protect  the  second  from  inoculation.  This 
may  always  be  done  by  tying  it  up  in  the  following  way  :— The 
hds  are  gently  closed,  and  kept  so  by  two  or  three  strips  ot 
court  plaster.    The  hollow  between  the  nose  and  eye  is  then 
filled  up  with  cotton  wool,  preferably  absorbent,  or  absorbent 
containing  some  antiseptic;  over  this  a  piece  of  gutta-percha 
tissue  is  placed,  and  the  whole  bound  down  along  the  edges 
with  strips  of  closely  fitting  india-rubber  plaster.    Special  care 
must  be  taken  that  this  adheres  well  along  the  nose,  and  the 
patient  should  as  much  as  possible,  when  in  bed,  lie  on  the  side 
of  the  affected  eye,  to  prevent  the  discharge  trickling  over  to 
the  other  side  and  possibly  loosening  the  plaster.    If  properly 
applied,  there  is,  however,  not  much  fear  of  this.    Before  tying 
up  the  sound  eye  it  is  well  to  thoroughly  wash  it  out  with  an 
antiseptic  solution,  and  for  this  purpose  a  solution  of  corrosive 
subhmate  (1  in  4000)  is  very  serviceable,  and  now-a-days 
usually  at  hand  in  most  places.     In  this  way  the  effect  of 
inoculation,  which  may  have  taken  place  shortly  before  the 
patient  seeks  advice,  may  in  some  instances  undoubtedly  be 
neutralised. 

It  is  certainly  very  trying  for  the  patient  to  have  the  good 
eye  occluded  from  vision  at  the  time  when  the  other,  owing 
to  the  great  swelling  of  the  lid,  is  temporarily  useless. 
He  is  thereby  rendered  very  helpless  and  unable  to  go  about 
alone,  so  that  his  spirits,  generally  depressed  as  it  is,  are  not 
raised  by  his  being  put  entirely  in  the  dark.    On  this  account  it 
is  well,  where  this  is  possible,  to  protect  the  sound  eye  in  a 
manner  which  does  not  altogether  interfere  with  its  use.  This 
can  be  done  tolerably  efficiently  by  means  of  a  plaster  which 
generally  goes  by  the  name  of  Bidler's  shield  (see  Fig.  21),  and 
which  consists  of  a  watch-glass,  kept  in  position  in  front  of  the 
eye  by  being  held  between  two  pieces  of  india-rubber  plaster,  in 
which  a  round  aperture  is  cut,  and  the  uppermost  one  of  which 
extends  to  either  side  and  above  beyond  the  lower,  so  that  the 
whole  shield  can  be  plastered  down  on  to  the  nose,  forehead, 
and  cheek,  and  only  left  free  below  to  allow  of  the  circulation  of 
air,  and  thus  prevent  the  glass  becoming  obscure.    This  plan 
has  the  advantage  of  allowing  one  to  observe  the  sound  eye  all 
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along,  and  therefore  the  shield  can  be  left  on  continually, 
whereas  the  ordinary  occlusion  bandage  has  frequently  to  be 
reapplied. 

Having  secured  the  sound  eye,  and  taken  precautions  to  pre- 
vent contagion  in  others,  attention  must  be  now  directed  to  the 
inflamed  one.  The  treatment  to  be  adopted  will  depend  on  the 
stage  of  the  inflammation  and  the  state  of  the  cornea.    In  the 


Fig.  21.— Buller's  shield. 

first  stage,  when  the  discharge  is  only  serous  and  the  cheniosis 
slight,  pretty  frequent  washings  with  corrosive  sublimate  solu- 
tion (1  in  5000)  and  ice-compresses  frequently  changed  may  be 
used,  and  the  patient's  room,  too,  should  be  well  ventilated  and 
slightly  darkened.  When  the  inflammation  comes  to  its  acme 
the  ice  may  be  discontinued,  and  nothing  used  but  a  little 
vaseline  smeared  along  the  edges  of  the  lids  and  the  antiseptic 
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wash  as  before.    Some  recommend  local  bleeding.    This  is  of 
doubtful  use,  but  may  be  tried  in  strong  healthy  individuals. 
The  readiest  and  perhaps  the  best  plan  to  effect  this  is  to  make 
a  good  large  cut  across  the  outer  canthus  with  a  pair  of  scissors. 
This  at  the  same  time  tends  to  relieve  the  tension  of  the 
swollen  Ud  on  the  eye.    It  is  rare  that  at  this  stage  the  upper 
lid  can  be  everted  without  the  greatest  difdciilty,  so  that  any 
attempt  at  the  local  application  of  caustic  solution,  as  is  often 
recommended,  is  neither  desirable,  nor  always  indeed  possible. 
The  cornea  must  be  watched,  and  any  symptoms  of  loss  of 
vitality  counteracted,  if  possible,  by  free  incisions  made  with 
scissors,  and  preferably  in  a  radial  direction,  in  the  chemosed 
conjunctiva.     Unfortunately  this  treatment  is  by  no  means 
always  efficacious  in  arresting  the  dreaded  complication,  owing 
no  doubt  to  the  interference  with  nutrition  being  not  only  due 
to  pressure  on  the  anterior  ciliary  vessels,  but  to  actual  stasis 
in  them.    Hansen  Grut  practises  excision  of  a  portion  of  the 
swollen  conjunctiva  all  round  the  cornea.   Wlien  this  treatment 
is  adopted  it  should  be  done  early.    As  soon  as  the  upper  lid 
can  be  everted  without  too  great  difficulty,  an  application  of  a 
solution  of  nitrate  of  silver  (5-10  grs.  to  §i.,  not  stronger) 
should  be  made  once  or  twice  during  the  twenty-four  hours, 
with  the  object  of  restraining  the  discharge  and  diminishing 
the  risk  of  subsequent  inoculation  of  the  cornea.    Any  ulcera- 
tion of  the  cornea  appearing  at  this  stage  may  be  treated  by 
applying  directly  to  it  the  same  caustic  solution,  unless  it  has 
begun  to  heal,  when  care  should  be  taken  that  the  nitrate  of 
silver  does  not  come  in  contact  with  it.    During  the  whole  of 
the  time  free  exercise  in  the  open  air  is  desirable.  Attention 
should  also  be  given  to  the  action  of  the  bowels,  and  opiates 
given,  should  sleep  not  be  obtained  without. 

Ophthalmia  fsTEONATORUM  is  practically  the  same  disease  as 
that  just  described;  that  is  to  say,  it  is  due  to  an  inoculation 
with  a  specific  virus.  The  virus  is  probably  not  always  the 
same,  or  at  all  events  what  may  be  specifically  the  same,  has 
suffered  some  modification,  as  there  are  greater  differences  met 
with  in  the  intensity  of  this  form  of  iniiammation  than  can  well 
be  accounted  for  by  merely  individual  receptive  differences  on 
the  part  of  the  patients. 

Inoculation  of  the  eyes  of  infants  takes  place  in  two  ways, 
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either  directly  from  the  maternal  passages  during  birth,  or 
afterwards  by  the  use  of  soiled  linen,  sponges,  &c.  In  the  first 
case  the  inflammation  usually  begins  on  the  third  day,  although 
it  may  be  delayed  two  or  three  days  longer,  and  both  eyes,  as  a 
rule,  are  affected.  In  the  second  case  the  first  appearances  are 
often  later  in  presenting  themselves,  and  not  so  frequently  in 
both  eyes  simultaneously.  Purulent  inflammation  beginning 
after  the  first  week  is  almost  certainly  due  to  some  extraneous 
source  of  inoculation.  The  liability  to  purulent  conjunctivitis 
in  the  new-born  infant  is  greater  the  more  prolonged  the  birth. 
Thus  Mules  found  80  per  cent,  of  all  cases  in  the  children  of 
primiparai,  and  a  larger  number  of  cases  amongst  male  than 
amongst  female  infants,  owing,  no  doubt,  as  he  suggests,  to  the 
fact  that  the  head,  being  larger,  is  apt  to  rest  longer  on  the 
perineum  before  being  born. 

Ophthalmia  neonatorum  is  not  by  any  means  as  a  rule  so 
severe  an  inflammation  as  purulent  conjunctivitis  in  the  adult. 
In  the  great  majority  of  cases  it  is  mainly  the  palpebral  con- 
junctiva which  is  affected,  so  that  the  cornea  does  not  run  the 
same  danger.  The  corneal  complications  which  do  arise  are 
mostly  the  result  of  unskilful  handling  and  want  of  cleanliness; 
that  is  to  say,  they  are  of  the  directly  infected  and  not  the 
necrotic  type,  and  can  often  be  arrested  by  proper  treatment. 
It  is  rare  indeed  that  we  feel  so  helpless  with  respect  to 
them  as  is  the  case  with  the  early  ulcerations  in  gonorrhoeal 
ophthalmia. 

With  respect  to  the  treatment  in  ophthalmia  neonatorum, 
which  should  be  on  much  the  same  lines  as  that  for  the  other 
clinical  form  of  purulent  conjunctivitis,  we  have  to  consider  as 
well  the  very  important  question  of  prophylaxis.  That  is  to 
say,  given  the  possibilities  of  inoculation  taking  place  or  having 
taken  place  during  birth,  how  are  the  effects  to  be  warded  off  ? 
This  question  is  of  the  utmost  importance,  because  it  has  been 
shown  that  in  many  places  the  blindness  resulting  from  this 
early  inflammation  constitutes  about  one-half  of  the  total 
number  of  cases  of  blindness.  Fortunately  the  results  of 
systematic  attempts  made  in  this  direction  have  been  very 
successful,  and  in  some  larger  lying-in  hospitals  brought  about 
the  almost  complete  disappearance  of  the  disease.  Irrigation  of 
the  vagina  during  labour  with  a  solution  of  corrosive  sublimate 
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(1  in  2000)  in  cases  where  a  vaginal  discharge  exists,  has  been 
found  to  be  a  very  successful  prophylactic.  The  simplest,  and 
at  the  same  time  efficient,  treatment  after  birth  is  hat  o 
Cred^  viz.,  to  drop  into  the  conjunctival  sac  a  solution  ot 
nitrate  of  silver  (10  grs.  to  gi.).  In  some  cases  this  produces  a 
little  irritation,  but  it  may  quite  safely  be  employed.  Washing 
out  with  chlorine  water  or  corrosive  sublmiate  solution  up  to 
the  strength  of  1  in  2000  is  also  of  use. 

When  the  inflammation  has  actually  begun,  the  local  appli- 
cation of  nitrate  of  silver  (10  grs.  to  gi.)  may  be  begun,  and 
continued  once  daily  as  soon  as  the  discharge  becomes  puru  ent, 
and  this,  along  with  frequent  antiseptic  washes  and  the  applica- 
tion of  a  little  fresh  lard  to  the  edges  of  the  lids  to  prevent 
retention  of  the  secretion,  is  all  that  is  required.  When  only 
one  eye  is  affected,  the  mother  or  nurse  should  be  instructed  to 
keep  the  child  as  much  as  possible  from  lying  on  the  other  side, 
so  as  to  prevent  the  discharge  trickling  across  the  nose.  When 
the  discharge  has  almost  ceased,  the  daily  application  once  or 
twice  of  a  solution  of  alum  ^4-8  grs.  to  gi.)  may  be  substituted 
for  the  caustic  solution.  Most  cases  recover  without  entering 
upon  what  can  properly  be  called  a  chronic  state. 

In  a  good  many  cases  of  ophthalmia  neonatorum  the 
conjunctival  surfaces  of  the  lids  are  found  to  be  covered 
by  a  membrane.    This  form  of  memlranous  conjuncUvitis  must 
be  distinguished  from  diphtheritic  conjunctivitis.    The  mem- 
brane is  easily  detached,  and  although  there  is  a  tenaency 
towards  bleeding  from  the  conjunctiva  when  it  is^  rubbed 
off,  it  can  readily  be  seen  not  to  be  due  to  any  intimate 
adherence  between  the  membrane  and  the  conjunctiva,  such  as 
characterises  diphtheritic  inflammation.    The  abundance  of  the 
purulent  secretion,  as  well  as  the  absence  of  the  livid  grey 
coloration  and  marked  constitutional  disturbance,  also  dis- 
tinguish this  form  from  the  much  more  uncommon  diphtheritic 
conjunctivitis.    The  treatment  is  the  same  as  for  the  ordinary 
ophthalmia  neonatorum,  with  the  exception  that  it  is  generally 
advisable  not  to  use  nitrate  of  sih^er  so  frequently  nor  so 
strong. 

The  discovery  by  Neisser  in  1879  of  a  special  micro-organism  in 
the  pus  from  cases  of  blenorrha'a  neonatorum,  as  well  as  from 
gonorrhoea!  secretions,  and  to  which  he  gave  the  name  of  gonococcus, 
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led  to  a  number  of  investigations  by  gynaecologists  and  oplitlial- 
moloaists  with  the  view  of  determining  its  morphological  and  patho- 
genetic characteristics.  Neisser's  views  as  to  the  speciiic  nature  ot 
the  gonococcns  were  confirmed  by  Haab  and  Sattler,  though  there 
were  other  ophthalmologists,  as  weU  as  many  gynascologists,  who 
opposed  these  views.  One  of  the  most  important  evidences  m  support 
of  Neisser  was  given  by  Zweifel,  Avho  found  that  lochial  secretions,  m 
which  no  gonococci  can  be  detected,  can  be  introduced  into  the  con- 
junctival sac  of  the  newly-born  child  without  fear  of  producing 
blenorrhoea.  Kroner,  having  examined  the  secretions  in  ninety-two 
cases  of  ophthalmia  neonatorum,  with  the  result  that  in  sixty-three 
cases  he  was  able  to  detect  gonococci,  while  in  twenty-nine  they 
appeared  to  be  absent,  came  to  the  conclusion  that  two  distinct  forms 
of  this  ophthalmia  exist. 

The  most  complete  and  valuable  contribution  to  this  subject  has 
been  recently  made  by  Bumm.  Before  the  publication  of  his  investi- 
gations there  was  an  absence,  as  he  himself  remarks,  "  of  any  complete 
agreement,  either  as  to  the  diagnostic  importance  of  the  gonococcus, 
from  a  clinical  point  of  view,  or  its  true  relation  to  the  diseased 
mucous  membrane.     The  pathogenetic  properties  of  these  micro- 
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Fig.  22. — Gonococci  (after  Bumm). 

organisms  had  also  not  been  established  beyond  all  doubt."  The 
foUowing  are  the  chief  results  of  Bumm's  investigations.  The  gono- 
coccus is°of  a  figure  of  8  shape,  i.e.,  divided  into  two  distinct  parts,  each 
of  which  is  approximately  hemispherical.  It  forms  chain-like  groyips, 
owing  to  its  increasing  by  fissure  in  all  directions  alternately  at  right 
angle's  to  each  other  (see  Fig.  22).  Their  average  length  is  1-25/i., 
but,  according  to  the  stage  of  their  development,  they  are  met  with  in 
size's  varying  from  0-8/x.  in  length,  and  0-6/x.  in  breadth,  to  TG/x.  m 
length  and  O'S/x.  in  breadth.  The  shape  is  not  characteristic  of  the 
gonococci  alone,  there  being  other  germs  of  the  same  genus  {Diplo- 
loccus)  which  are  innocuous,  and  cannot  be  distinguished  from 
"onococci  by  the  highest  powers  of  the  microscope.  A  special 
characteristic  of  the  gonococcus  is,  however,  the  arrangement  of 
them  in  roundish  masses  within  the  protoplasm  and  surrounding 
the  nuclei  of  living  cells.  In  cases  which  have  not  been  treated  with 
disinfectants  they  can  always  be  demonstrated  in  the  secretion  from  a 
gonorrhoeically  inflamed  mucous  membrane.  Secretions  free  from 
gonococci  produce  no  infection  in  mucous  membranes,  whereas,  even 
in  small  quantities,  a  secretion  containing  gonococci  will  produce  with 
absolute  certainty  a  blenorrhoeic  inllammation  of  any  mucous  mem- 
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brane  with  which  it  maybe  brought  in  contact.     Lxaminations  of 
twenty-six  different  conjunctive,  from  all  stages  of  inflammation 
between  thirty-six  hours  and  the  thirty-second  day  after  birth  showed 
that  the  cocci  force  themselves  in  between  the  epithelial  cells  as  well 
as  into  the  soft  protoplasm,  reaching  as  far  as  the  substantia  propria  of 
the  papilla  of  the  mucous  membrane.    After  two  days  the  whole 
epithelial  layer  may  in  this  way  be  invaded  by  cocci.    By  that  time 
there  is  also  developed  a  very  considerable  tissue  reaction  a  number 
of  white  blood  corpuscles  having  found  their  way  out  to  the  sui-face 
from  the  dilated  capiUaries  through  the  epithehal  layer.  ilie 
epithelimii  of  the  limbus  of  the  cornea,  the  border  of  the  hd,  and  of 
the  cornea  itself,  remains  unattacked.    After  having  caused  greater  or 
less  destruction  of  the  epithelium,  the  germs  seem  to  lose  their  power 
of  penetrating,  and  do  not  spread  deeper  than  to  the  superficial  layers 
of  the  sub-epithelial  connective  tissue,  where  their  presence  gives  rise 
to  the  more  intense  inflammatory  symptoms,  and  coincides  with  the 
purulent  stage  of  the  blenorrhoea.     A  regeneration  of  epithelium 
begins  about  the  foui-th  day,  and  soon  forms  a  protectmg  layer  which, 
when  eventuaUy  its  outer  portions  lose  their  nuclei  and  have  become 
converted  into  epidermis-like  scales,  offer  an  impenetrable  barrier  to 
the  germs ;  and  the  discharge  of  pus,  which  continues  during  the 
whole  time  of  the  epithelial  regeneration,  comes  to  an  end.    That  the 
gonococci  are  the  essential  cause  of  the  inflammation  was  proved  by 
the  characteristic  reaction  which  followed  the  introduction  of  a  smaU 
quantity  of  a  pure  cultivation  into  the  healthy  urethra. 

Phlyctenular  Conjunctivitis. — This  is  a  distinct  type  of 
conjunctival  inflammation,  which,  in  its  most  characteristic 
forms,  is  almost  entirely  confined  to  children,  in  whom  it  is 
altogether  much  more  common  than  in  adults.  The  affection 
is  a  constitutional  one,  and  an  evidence  either  of  struma  or  of 
some  weakness  following  measles  or  other  lowering  illness  of 
childhood,— often,  indeed,  of  both  combined. 

Small  clear  blebs  (phlyctenules),  or  in  some  cases  pustules, 
surrounded  by  a  pinkish  injection,  are  met  with  on  the  con- 
junctiva covering  the  globe,  or  at  the  corneo-scleral  margin. 
When  in  the  latter  situation,  they  are  often  found  in  con- 
siderable numbers  if  small,  and  may  occupy  different  portions 
of  the  circumference  at  the  same  time.  They  may  be  so 
small  as  to  be  barely  recognisable.  When  larger  (2  mm.  or 
more)  they  are  either  single  or  do  not  exceed  two  or  three 
in  number.  The  injection  of  the  conjunctival  vessels  is 
usually  limited  to  areas  occupied  by  the  phlyctenules,  but  is 
in  some  cases  more  general.  Often  there  is  at  the  same  time 
phlyctenular  keratitis,  sometimes  fascicular  keratitis,  and  in 
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long-continued  severe  cases,  where  there  is  a  constant  recurrence 
of  the  characteristic  conjunctivitis,  more  or  less  marked  pannus. 

This  disease  is  very  apt  to  be  associated  with  photophobia, 
a  most  troublesome  complication,  which,  when  not  checked  at 
an  early  stage,  is  apt  to  be  long  continued.  It  is  a  common 
thins  to  be  told  that  an  individual  was  "blind"  for  several 
months  as  a  child.  This  blindness  has  in  a  large  proportion  of 
cases  been  merely  that  which  results  from  the  continual  and 
convulsive  closing  of  the  eyes  to  which  photophobia  gives  rise. 
Blepharitis,  too,  is  a  very  frequent  accompaniment,  more 
common  in  connection  with  this  than  with  any  other  form  of 
conjunctivitis. 


There  is  a  marked  tendency  to  relapses  in  phlyctenular 
conjunctivitis,  many  children  suffering  every  year  for  many 
years  in  succession,  and  generally  at  much  the  same  time  of 
year,  from  attacks  of  the  same  nature.  When  this  form  of  con- 
junctivitis occurs  in  adults  it  is  only  rarely  that  we  find  that 
it  is  for  the  first  time.  They  have  had  "  sore  eyes"  as  children. 
Often  the  phlyctenules  are  absent  altogether  in  the  case  of 
adults,  and  the  affection  is  then  only  recognisable  from  the 
characteristic  injection.  Sometimes,  indeed,  in  such  cases  there 
is  a  very  striking  resemblance  between  this  affection  and  epis- 
cleritis, and  some  experience  is  required  to  make  sure  of  the 
diagnosis. 


Fig.  23. — Phlyctenular  conjunctivitis. 
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The  trmtmmt  of  phlyctenular  conjunctivitis  should  be  both 
local  and  constitutional.    In  many  cases  the  photophobia  too 
calls  for  special  treatment.     Attention  to  the  functions  of  the 
skin  by  daHy  bathing  is  very  important;  nourishing  food,  with 
plenty  of  milk,  and  cod  liver  oil  whenever  it  can  be  tolerated 
should  be  given.    It  is  only  exceptionally  that  cod  liver  oil,  if 
properly  administered  in  small  quantities  at  first  or  m  the  f  orm 
of  an  emulsion,  is  altogether  unsuitable.    Locally  the  dusting 
into  the  eyes  once  daily  of  finely  powered  calomel,  or  the 
smearing  into  the  conjunctival  sac  of  a  little  Pagenstecher  s 
ointment,  and  the  occasional  bathing  with  boracic  acid  lotion, 
is  the  treatment  generally  adopted.    When  there  is  much  photo- 
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Y-ifi.  24. — Pustiilar  conjunctivitis. 


phobia  it  is  advisable  to  use  atropine  (0-5  per  cent.)  or  cocaine 
(2  per  cent.)  as  well,  dropped  into  the  conjunctival  sac  twice 
or  thrice  daily,  after  drying  away  the  tears. 

Persistent  photophobia  in  children  is  best  treated  by  the  old 
method  of  dipping  the  head  into  cold  water  and  keepmg  it 
immersed  for  a  few  seconds,  until  the  child  begms  to  struggle 
for  breath.  The  shock  thus  occasioned  causes  it  to  open  its  eyes, 
and  there  is  afterwards  not  the  same  tendency  to  the  spasmodic 
closing  of  the  lids.  Two  or  three  days  of  this  treatment  is 
generally  sufiicient  to  check  even  a  long-continued  blepharospasm. 
Sometimes  it  is  necessary  to  slit  the  outer  canthus,  or,  where  there 
is  a  marked  contraction  of  the  palpebral  fissure,  to  perform  the 
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operation  of  canthoplasty,  the  effect  of  which  is  often  extremely 
satisfactory.  For  the  treatment  of  tlie  accompanying  blepharitis 
and  eczema,  see  page  50.  Adults,  as  a  rule,  do  not  stand  the 
treatment  with  Pagenstecher's  ointment  as  well  as  children.  It 
is  best  in  every  case  in  the  adult  to  begin  trying  it  half  strength 
(4  grs.  to  gi.).  When  calomel  is  used,  the  patient  should  not 
at  the  same  time  take  iodine  in  any  form  internally,  as  a  severe 
inflammation  has  been  seen  to  be  occasioned  by  the  conversion 
of  some  of  the  calomel  in  the  conjunctival  sac  into  the  very 
irritating  biniodide  of  mercury. 

Parents  and  others,  as  a  rule,  are  in  the  habit  of  tying  up, 
if  they  do  not  actually  poultice,  their  children's  eyes.  To  this 
practice  is  mainly  to  be  ascribed  the  very  considerable  diffuse 
conjunctival  hyperfemia  and  the  eczema  of  the  lids  which  one 
meets  with  in  many  cases  seen  for  the  first  time.  Tying  up  the 
eyes  or  keeping  the  patients  in  a  dark  room  very  much  encour- 
ages photophobia,  so  that  the  practice  is  altogether  to  be  dis- 
couraged. Plenty  of  light,  open  air,  and  exercise,  are  very 
essential  elements  in  the  treatment  of  phlyctenular  conjunctivitis. 

Diphtheritic  Conjunctivitis  may  exist  alone,  or  along  with 
diphtheria  of  the  throat.  In  the  latter  case  it  would  appear 
that  the  conjunctival  inflammation  is  generally  the  first  to 
make  its  appearance.  This  affection  is  very  rare  in  Scotland 
though  met  with  pretty  frequently  in  some  countries,  especially 
North  Germany. 

The  inflammation  begins  with  hyperaemia  and  lachrymation, 
just  as  in  simple  catarrh,  and  rapidly  proceeds  to  great  swelling 
of  the  lids  and  chemosis,  as  in  purulent  conjunctivitis.  The 
infiltration  of  the  lids  leads  to  greater  stiffness  and  pain  than 
in  purulent  conjunctivitis.  A  greyish-yellow  membrane  is  not 
long  in  making  its  appearance  on  the  palpebral  conjunctiva. 
This  membrane  may  cover  only  a  portion  of  the  surface  of  the 
conjunctiva,  or  may  be  found  in  jDatches  over  the  surface. 
These  patches  sometimes  become  more  confluent,  and  such  cases 
are  the  most  severe.  The  membrane  cannot  be  completely 
removed  without  leaving  a  raw  bleeding  surface,  which  itself 
has  not  the  natural  healthy  appearance,  but  presents  that 
of  a  fibrinously  infiltrated  tissue.  The  discharge  is  less  in 
f[uantity  and  much  thinner  than  in  purulent  conjunctivitis, 
tliough  it  often  afterwards  becomes  more  coi^ious  and  purulent 
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There  is  danger  for  the  cornea  throughout,  but  especially 
during  the  first  few  days.  The  cornea  is  lost,  as  the  result  of  a 
kind  of  necrotic  and  diphtheritic  process  combined,  and  is  conse- 
quentlv  often  very  rapidly  destroyed.  Ulcerations  occurring  at 
later  stages  are  not  so  likely  to  lead  to  total  destruction  ot  the 
cornea  Constitutional  symptoms,  fever,  and  pronounced  lassi- 
tude are  met  with  in  a  much  more  marked  degree  than  m  other 
forms  of  conjunctivitis,  but  the  affection  rarely  proves  fatal  unless 
there  is  at  the  same  time  a  throat  complication.  Diphtheritic 
conjunctivitis  appears  to  be  most  common  m  young  children. 

Various  methods  of  treatment  have  been  proposed.    My  own 
experience  of  this  disease  has  been  small.     I  have  always 
adopted  the  treatment  recommended  by  Tweedie  of  frequent 
bathings  with  a  solution  of  quinine  (3  grs.  to  5i.).    This  seems 
to  be  the  treatment  most  generally  followed  in  this  country^ 
Von  Graefe  recommended  mercurial  inunctions  m  the  case  of 
adults,  and  in  Germany  the  local  application  and  rubbing  m  of 
yellow  oxide  of  mercury  ointment  is  by  some  considered  to  have 
a  decided  effect  in  checking  the  progress  of  the  inflammation. 
The  question  as  to  whether  scarification  of  the  conjunctiva,  as 
practised  often  with  advantage  in  purulent  conjunctivitis,  should 
be  done  in  the  diphtheritic  form,  is  one  on  which  there  seems  to 
be  a  want  of  unanimity.    From  the  tendency  to  a  specific  mfil- 
tration  of  the  wounds  thus  formed,  it  would  certamly  appear  to 
be  inadvisable.    Constitutional  treatment  should,  of  course,  be 
adopted  from  the  first,  and  great  care  taken  that  portions 
of  the  membrane  or  of  the  discharge  do  not  come  m  contact 
with  other  mucous  surfaces,  either  in  the  patient  or  his 

attendants.  mi  •    j.-  p 

Gkanular  Conjunctivitis,  or  Trachoma.— This  form  ot 
inflammation  is  characterised  by  the  appearance  of  granular- 
lookin<^  elevations  in  the  conjunctiva,,  and  by  the  subsequent 
cicatricial  changes  caused  by  the  fibroid  degeneration  and  loss 
of  substance  to  which  these  give  rise.    It  is  met  with  in  an 
acute  as  well  as  a  chronic  form,  and  at  all  ages,  except  m  young 
children.    Acute  granulations  may  be  the  first  beginning  of  the 
disease,  or  constitute  merely  an  exacerbation  of  a  previously 
existing  and  more  or  less  quiescent  chronic  state  of  trachoma. 
The  granulations,  which  are  mainly,  and  in  most  cases  indeed 
entirely,  confined  to   the  palpebral   conjunctiva,   are  semi- 
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transparent  greyish  or  yellowish  elevations.  In  every  case 
they  are  met  with  of  very  varying  sizes  and  arrangements, 
owing  to  their  not  all  developing  at  the  same  time.  Often  they 
are  more  or  less  completely  hidden  by  the  swelling  of  the 
papillcie,  to  which  they  sooner  or  later  give  rise. 

The  actual  nature  of  tlae  granulations  is  a  matter  of  dispute  ; 
most  probably  they  are  lymph  follicles  developed  from  the 
existing  lymphatics,  but  they  may  possibly,  as  some  suppose,  be 
altogether  new  structures.  It  seems  probable  that  they  owe 
their  existence  to  the  presence  of  some  specific  microbe.  This 
is,  however,  denied  by  many  who  are  competent  to  form 
an  opinion  on  the  subject.  According  to  Arlt,  trachoma 
is  altogether  nothing  but  a  form  of  chronic  purulent  con- 
junctivitis, owing  its  origin  to  the  same  infecting  material 
as  gonorrhoeal  conjunctivitis,  but  modified  by  having  passed 
through  a  number  of  eyes  in  such  a  way  as  to  be  no  longer 
capable  of  producing  the  same  violent  active  inflammation. 
This  view  appears  improbable  on  account  of  the  absence  of 
cicatricial  formation,  even  in  the  chronic  forms  of  purulent 
conjunctivitis,  as  well  as  from  the  existence  in  one  disease  of 
distinct  granulations  which  are  always  absent  in  the  other.  At 
all  events  it  is  certainly  of  importance  to  make  a  distinct 
clinical  difference  between  the  two  diseases. 

When  the  disease  occurs  in  its  acute  form,  the  very  consider- 
able lachrymation  and  photophobia,  as  well  as  the  pain,  cause 
attention  to  be  at  once  directed  to  the  lids,  and  the  granulations 
are  detected  on  everting  them.  An  acute  attack  lasts  in  the 
most  favourable  cases  for  about  a  month.  During  the  first  week 
the  granulations  are  most  distinctly  visible.  They  afterwards 
give  rise  to  an  acute  catarrhal  condition,  by  which  they  are  not 
only  at  first  masked,  but  apparently  eventually  absorbed  or  sup- 
pressed. Sometimes,  however,  the  swelling  of  the  conjunctiva 
sub.sides  without  having  caused  the  disappearance  of  the  granu- 
lations, and  the  disease  thus  passes  into  a  more  chronic  form. 
In  other  cases  it  is  chronic  from  the  beginning,  and  the  symp- 
toms to  which  it  gives  rise  may  be  so  slight  as  to  lead  to  little 
or  no  complaint  on  the  part  of  the  patient. 

Chronic  granulations  last  for  months  or  years,  and  seem  to 
have  a  tendency  every  now  and  then  to  set  up  an  irritation 
which  leads  to  acute  catarrhal  conjunctivitis.    At  other  times 
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one  meets  with  cases,  more  especially  such  as  have  been  pio- 
perly  attended  to,  in  which  the  granular  elevations  are  sparse 
ind  pale,  but  which  all  of  a  sudden  are  subject  to  an  outbreak  of 
fresh  acute  granulations.     The  extent,  too,  to  which  the  papil- 
lary elements  of  the  conjunctiva  participate  m  the  production 
of  the  abnormal  appearance  of  the  palpebral  conjunctiva  is  very 
various    They  may  be  uniformly  enlarged  to  such  an  extent  as 
to  crive  rise  to  only  a  velvety-looking  surface,  more  or  less  florid 
according  to  the  degree  of  vascularity,  or  they  may  here  and 
there  assume  the  shape  and  appearance  of  warty  excrescences. 
It  is  the  condition  of  the  conjunctiva,  independently  ot  the 
actual  granulations,  which  determines  the  nature  and  amount  ot 
the  secretion  met  with  in  any  case  of  trachoma.    The  more 
swollen  the  conjunctival  papillae  are,  the  more  copious  and 
muco-purulent  is  the  secretion.    In  many  cases  there  is  indeed 
little  or  no  secretion. 

A  first  attack  of  acute  granulations  is  only  rarely  accom- 
panied by  any  corneal  comphcation.    Older  cases,  and  especially 
such  as   are   subject  to  frequent  exacerbations,  become,  as 
a  rule,  sooner  or  later  associated  with  pannus,  which  may 
involve  the  whole  extent  of  the  cornea,  or  only  its  upper 
part.    The  cicatricial  contractions  met  with  in  all  cases  where 
the  disease  has  existed  for  some  time,  present  themselves  in  the 
shape  of  white  bands,  the  most  conspicuous  of  which  run  parallel 
with  the  border  of  the  lid.  There  is,  at  the  same  time,  more  or  less, 
dryness  and  shrivelling  up  of  the  conjunctiva,  which  in  extreme 
cases  goes  the  length  of  complete  destruction  of  the  conjunctiva,, 
a  condition  to  which  the  name  of  xerosis  is  given.    In  long- 
continued  cases  of  trachoma,  too,  the  upper  lids  droop  to  some 
extent,  giving  a  heavy  appearance  to  the  eyes,  and  one  which, 
when  it  exists  along  with  corneal  opacities,  is  all  but  charac- 
teristic of  the  disease.    The  contraction  which  takes  place  m  the 
conjunctiva  leads  in  old  cases  to  alteration  in  the  direction 
of  the  eyelashes,  distichiasis,  trichiasis,  and  often,  owing  ta 
curvature  of  the  tarsus,  to  entropion. 

The  frequency  of  trachoma  varies  very  much  in  different 
districts  and  communities.  It  is  mostly  met  with  in  low  marshy 
countries,  and  in  places  where  the  population  is  crowded,  ill- 
fed,  and  under  altogether  unfavourable  hygienic  conditions.  In 
foreign  towns  the  Jewish,  and  in  our  own  tlie  Irish  quarters. 
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present  the  largest  percentage  of  trachoma.  In  Scotland  it  is  a 
rare  affection  except  amongst  the  Irish  population.  Prisons  and 
barracks,  too,  are,  and  more  especially  have  been,  visited  by 
epidemics  of  it.  Armies,  particularly  in  the  East,  have  been 
visited  by  the  same  disease,  which,  as  general  attention  was  first 
given  to  it  on  accounst  of  Larrey's  description  of  the  state  of 
the  eyes  of  the  French  army  in  Egypt  in  1798,  is  often  called 
Egyptian  Ophthalmia.  Egyptian  ophthalmia  includes,  however, 
many  other  forms  of  conjunctival  disease  besides  trachoma. 
There  is  no  doubt  that  trachoma  is  contagious,  though  not 
highly  so,  and  there  seems  good  reason  to  suppose  that  the 
contagion  may  pass  by  the  air  in  rooms  which  are  ill-ventilated. 

In  the  treatment  of  trachoma,  attention  must  be  given  to 
cleanliness  and  ventilation.  It  is  certainly  inadvisable  to  allow 
any  one  with  this  disease  to  sleep  in  the  same  room  with  others, 
or  to  use  towels  or  sponges  in  common  with  any  one  else.  He 
should  be  well  fed  and  kept  as  much  as  possible  in  the  open 
air.  In  the  acute  form  of  the  inflammation  it  is  inadvisable,  as  a 
rule,  to  use  astringents ;  at  most,  and  only  as  long  as  the  cornea  is 
unaffected,  a  weak  solution  of  acetate  of  lead  (2  grs.  to  Si.),  painted 
on  the  everted  lids  once  daily,  and  boracic  acid  lotion  as  a  wash 
may  be  employed.  When  on  the  supervention  of  catarrhal 
inflammation  there  is  a  good  deal  of  muco-purulent  discharge, 
nitrate  of  silver  solution,  preferably  weak  (5  grs.  to  gi.),  may  be 
cautiously  applied  to  the  everted  lids.  For  the  chronic  cases  there 
is  certainly  nothing  better  than  bluestone.  This  should  be  applied 
twice  weekly  to  the  everted  lids,  taking  care  to  get  the  crystal, 
which  should  be  smooth,  well  at  the  retrotarsal  fold.  Some  cases 
do  not  tolerate  sulphate  of  copper ;  and,  in  such,  touching  with 
a  smooth  piece  of  alum,  or  painting  with  the  solution  of  lead, 
may  be  used  instead.  I  liave  no  experience  of  the  treatment 
with  jequirity,  which  has  lately  been  recommended.  It  is 
certainly  unjustifiable  to  use  it  in  cases  wliere  there  is  not 
very  great  defect  of  vision  on  account  of  pannus,  as,  so  far, 
it  has  been  found  difficult,  if  not  altogether  impossible,  to 
control  the  severity  of  the  inflammation  to  which  it  gives  rise. 

Latterly  attempts  have  been  made  to  cure  the  more  per- 
sistent cases  of  trachoma  by  excising  altogether  portions~of  the 
conjunctiva  in  which  tlic  granulations  are  most  abundant. 
This  treatment  is  much  practised  in  Konigsberg,  where  the 
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disease  is  of  frequent  occurrence,  and  is  strongly  recommended 
by  Jacobson.    Sattler,  too,  who  has  had  a  large  experience  o 
the  treatment  by  excising  the  conjunctival  fold,  «Pf  ^« 
it,  although  he  has  given  it  up  in  favour  of  another  m  thoc 
{vide  infra).    He  considers  that  the  chief  objection  which  has 
been  raised  against  the   excision   treatment,  ^^^^-^  ^^^^^J^^ 
cicatricial  contractions  thus  caused  might  be  worse  than  those 
resulting  from  the  trachoma  process  itself,  is  not  founded  upon 
fact,  but  entertained  only  by  those  who  have  had  no  experience 
of  it     An  excision  of  a  fold,  2  to  5  millimetres  m  breadth, 
produces  absolutely   no   defect,  and  much  more  extensive 
excisions,  undertaken  in  the  more  advanced  cases  of  trachoma, 
do  not  cause  the  supposed  interference  with  the  normal  move- 
ments, provided  they  be  made  superficially,  and  do  not  involve 
the  tendon  of  the  levator,  or  its  insertion.    When,  however,  m 
order  to  avoid  making  a  too  complete  excision,  and  trustmg  to 
the  favourable  influence  on  the  remaining  follicles  of  a  partial 
incision,  groups  of  follicles  are  allowed  to  remam  m  the  lower 
lid  conjunctiva  bulbi,  or  caruncle,  and  the  patient  discharged 
before  they  have  disappeared  under  suitable  topical  treatment, 
severe  recurrences  are  far  from  being  excluded. 

In  performing  excision,  however,  not  only  is  the  specitc 
new  formation  of  the  trachomatous  process  removed,  but,  m 
addition,  other  parts  which,  though  perhaps  they  may  not  be  m 
a  normal  state,  are  yet  only  secondarily  affected  m  a  manner 
from  which  they  are  quite  capable  of  recovering.  ^  For  this  reason, 
and  because  the  pathology  of  trachoma  seems  to  aff-ord  a  well- 
-rounded indication  for  so  doing,  Sattler  recommends  the  early 
and  complete  removal  of  the  follicular  deposits  with  as  little 
interference  as  possible  with  the  other  tissues.    The  method 
employed  by  Sattler  for  this  purpose  consists  in  rupturing  the 
follicles  with  a  cataract  needle,  and  scooping  out  their  contents 
with  a  fine  circular  sharp  spoon,  2  to  4  millimetres  in  diameter. 
In  shelling  out  the  contents  of  the  follicles  in  the  conjunctival 
folds,  the  tissues  have  to  be  put  on  the  stretch  by  means  of 
fixation  forceps.    All  the  follicles  should  be  eradicated  in  this 
manner  at  one  sitting,  a  general  anesthetic  being  used  if 
necessary.    The  reaction  is  said  to  be  usually  inconsiderable, 
and  the  subsequent  treatment  consists  in^  washing  out  the 
conjunctival  sac  with  corrosive  subHmate  lotion. 
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The  accompanying  pannus  does  not  call  for  special  treat- 
ment, having  a  tendency  to  improve  or  disappear  with  the 
cure  of  the  conjunctival  inflammation.  Other  complica- 
tions often  require  operative  treatment,  which  is  elsewhere 
discussed. 

Follicular  Conjunctivitis. — A  not  uncommon  form  of  con- 
junctival inflammation,  which  presents  very  much  the  same 
appearance  as  is  met  with  in  some  cases  of  granular  con- 
junctivitis, and  which  by  many  is  looked  upon  as  a  milder 
form,  •  or  even  merely  a  different  stage  of  that  disease,  is 
known  as  follicular  conjunctivitis.  The  differential  diagnosis 
between  this  and  the  granular  form  is  by  no  means  always  easy, 
and  often,  at  first,  well-nigh  impossible.  The  little  elevations 
forming  in  the  conjunctiva,  the  so-called  follicles,  have  more  the 
appearance  of  transparent  blebs,  whitish -yellow  in  colour.  They 
are  almost  entirely  confined  to  the  lower  lid,  occurring,  if  at  all, 
in  much  smaller  numbers  in  the  upper.  They  are  associated,  as 
in  the  case  of  the  true  granular  inflammation,  but  never  to  the 
same  extent  as  often  happens  in  that  disease,  with  swelling  and 
hypertrophy  of  the  conjunctival  papilla.  The  great  clinical 
characteristic,  however,  is  that  they  never  lead  to  subsequent 
shrinking  and  cicatrisation;  so  that  even  should  there  be  no 
anatomical  distinction  possible  between  follicular  and  granular 
conjunctivitis,  the  course  of  the  affection  sufficiently  justifies  a 
clinical  distinction.  Follicular  conjunctivitis  is  mostly  met  with 
in  children,  and  appears  to  be  contagious.  The  affection  lasts 
from  a  few  weeks  to  many  months.  It  appears  to  occur  with 
equal  frequency  in  districts  which  are  free  from  trachoma  as  in 
those  in  which  that  affection  is  rife. 

The  treatment  should  consist  in  the  improvement  of  the 
hygienic  conditions ;  change  of  air,  too,  especially  to  some  high- 
lying  locality,  where  that  is  possible,  is  generally  advisable. 
Where  there  is  much  catarrh,  nitrate  of  silver  and  lead  lotions 
may  be  used  locally.  When,  on  the  other  hand,  the  conjunctiva 
is  abnormally  pale  and  non-vascularised,  the  use  of  sulphate  of 
copper  (solid)  is  indicated. 

Amyloid  Degenehation  of  the  Conjunctiva. — This  is  a 
rare  disease,  first  correctly  described  by  Von  Oettingen  of 
Dorpat,  where  it  appears  to  be  more  frequent  than  elsewhere. 
Von  Oettingen  believed  it  to  be  an  exceptional  form,  of  degenera- 
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tion  occurring  in  trachoma.  Others  consider  it  a  separate  disease 
altoaether.  In  auv  case,  it  is  clinically  distinct,  though  the  con- 
nection with  trachoma  is  extremely  probable.  Thus,  for  mstance, 
at  Dorpat,  where  trachoma  is  common,  amyloid  degeneration  is 
found  to  be  most  frequent  between  the  ages  of  ten  and  thirty, 
which  corresponds  to  the  period  of  maximum  frequency  of 
trachoma.  It  is  also  met  with  in  cases  of  old-standing  trachoma. 
The  appearance  presented  is  that  of  yellowish  and  waxy-lookmg 
masses  on  the  palpebral  conjunctiva  of  both  upper  and  lower 
Ms,  springing  from  the  retrotarsal  fold.  The  masses  are  usually 
very  hard,  and  there  is  at  the  same  time  always  a  great  enlarge- 
ment of  the  tarsus.  Portions  excised  give  the  characteristic 
reaction  of  amyloid  degeneration.  The  exact  nature  of  the 
process  is  differently  described  by  various  histologists.  There 
seems  little  doubt,  however,  that  the  process  is  entirely  a  local 
one,  as  it  is  rarely,  if  ever,  associated  with  sunilar  degeneration 
elsewhere.  The  treatment  recommended  is  the  excision  of  the 
waxy  masses  along  with  the  tarsus. 

Essential  Sheinking  of  the  Conjunctiva.— Occasionally, 
and  without  any  marked  inflammatory  symptoms  at  the  time, 
an  atrophy  of  the  conjunctiva,  or  a  complete  growing  together 
of  its  opposed  surfaces,  takes  place.    The  connection  between 
this  degenerative  change,  to  which  Alfred  Graefe  has  given  the 
name  of  essential  shrinking  of  the  conjunctiva,  and  pemphigus, 
was  pointed   out   a   few  years   ago   by  Steffan.     Cases  of 
pemphigus  of  the  conjunctiva  had  previously  been  described,  m 
which  the  eruption  on  the  conjunctiva  formed  part  merely  of  a 
more  or  less  generally  distributed  skin  affection  of  the  same 
nature.    In  such  cases,  too,  it  was  observed  to  lead  to  shrinking. 
In  the  cases  of  essential  shrinking  it  has  been  supposed  that  the 
pemphigus  may  be  limited  to  the  conjunctiva.     Cohn,  for 
instance,  has  published  a  case  where  the  suspected  connection 
between  the  shrinking  of  the  conjunctiva  and  pemphigus  was 
afterwards  confirmed  by  the  development  of  a  characteristic 
eruption  all  over  the  body.     In  this  country,  cases  of  this 
peculiar  conjunctival  disease  have  been  described  by  Lang, 
Critchett,  and  Nettleship,  which,  as  well  as  others  reported  Jrom 
the  clinics  of  Schweigger  and  Alfred  Graefe,  reuder  the  connec- 
tion between  the  two  conditions  extremely  probable.  Several 
cases  have  come  under  my  own  observation,  but  I  have  only  once 
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seen  the  disease  accompanied  by  pemphigus.  In  that  case,  too, 
the  skin  affection  was  not  a  true  pemphigus,  but  apparently  more 
an  eczema  with  occasional  large  blebs,  decidedly  a  mixed  form. 

The  treatment  of  essential  conjunctival  shrinking  has  been 
always  without  any  effect,  even  where  transplantation  of 
mucous  membrane  from  other  parts  has  been  tried. 

Subconjunctival  OEdema. — More  or  less  pronounced  swelling 
of  the  conjunctiva,  without  any  local  inflammatory  redness, 
giving  the  appearance  of  a  semi-transparent  bleb  or  bulla  sur- 
rounding the  cornea,  and  it  may  be  protruding  from  between 
the  lids,  is  met  with  in  cases  of  inflammation  in  the  orbit,  eyelid, 
or  nose.  When  there  is  no  focus  of  inflammation  in  the 
proximity,  it  is  usually  a  symptom  of  some  general  affection — 
heart,  kidney,  &c. — and  occurs  along  with  oedema  in  other  parts 
of  the  body. 

Occasionally  one  meets  with  oedema  of  the  conjunctiva 
evidently  unassociated  with  any  other  affection.  Thus,  I  have 
seen  several  cases  in  which  a  non-inflammatory  cheniosis 
recurred  at  intervals,  or  while  permanently  present  to  some 
extent  increased  in  severity  at  different  times,  in  otherwise 
perfectly  healthy  individuals.  In  one  case  recurrence  of 
■excessive  oedema  of  this  nature  had  taken  place  from  four  to 
six  times  every  year  for  eighteen  years,  the  first  attack  being 
rightly  or  wrongly  ascribed  to  a  snake-bite  in  India. 

EccHYMOSis. — Any  rupture  or  incision  of  the  conjunctiva, 
produced  either  accidentally  or  by  some  operation,  gives  rise  to 
■effusion  of  blood  into  the  membrane,  which,  according  to  its 
extent,  takes  from  one  to  three  weeks  to  undergo  absorption. 
Spontaneous  ecchymoses  occur  by  the  bursting  of  conjunctival 
vessels,  usually  owing  to  some  excessive  strain  which  has  caused 
temporary  congestion  of  the  head — coughing,  sneezing,  vomiting, 
&c.  A  tendency  to  the  occurrence  of  such  ecchymoses  indicates 
•often  a  degenerated  state  of  the  vessels,  and  may  therefore  be  of 
symptomatic  importance. 

Emphysema  of  the  conjunctiva  may  occur  alone  or  along 
with  ecchymosis.  In  the  latter  case,  some  connection  has  been 
established  between  the  air  passages  and  the  orbital  tissues. 
The  condition  is  rare. 

Pterygium. — An  inflammatory  or  hypertrophic  thickening 
of  a  portion  of  the  conjunctiva,  of  a  triangular  shape,  firmly 


io6  niSEASES  OF  THE  CONJUNCTIVA. 

attached  by  its  apex  of  the  superficial  layers  to  the  cornea,  has 
received  the  name  of  pterygium,  owing  to  its  fancied  resemblance 
to  the  wing  of  an  insect.  The  sides  of  a  pterygium  form 
distinct  folds,  under  which  a  probe  may  be  passed,  often  tor  a 
considerable  distance.  The  folding -in  of  the  sides  gives  an 
appearance  as  if  some  new  membrane  lay  over  the  conjunctiva. 
Very  considerable  differences  exist  in  the  consistency  of  the 
pterygium.  In  some  cases  it  is  thin,  pale,  and  fibrous ;  whilst 
the  other  extreme  is  represented  by  a  swollen,  red,  fleshy  eleva- 
tion of  the  characteristic  triangular  form. 

The  ordinary  pterygium  is  always  foimd  in  a  position  corre- 
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sponding  to  the  palpebral  fissure,  and  therefore  over  one  of  the 
lateral  recti  muscles  ;  much  most  commonly  over  the  mternus 
Sometimes  it  exists  in  both  eyes,  and  occasionally  two  are  met 
with  in  the  same  eye. 

Pterygium  has  a  tendency  in  most  cases  to  spread  over  the 
cornea,  though  it  is  rarely  seen  to  extend  beyond  the  centre  of 
the  pupH.  It  occurs  only  in  individuals  who  are  exposed  to 
constant  irritation  of  the  conjunctiva,  and  in  whom,  at  the  same 
time,  the  conjunctiva  is  tolerably  lax.  It  is  therefore  most 
frequently  met  with  in  masons,  field  labourers,  colHers,  &c.,  and 
generally  after  the  age  of  forty.  The  irritation  to  which  they 
are  subjected,  causes,  in  all  probability,  not  only  hypertrophy  of 
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those  portions  of  the  ocular  conjunctiva,  which  is  not  covered 
by  the  lids,  but  a  loss  of  the  normal  epithelial  covering,  so  that 
there  is  a  tendency  for  an  adhesion  to  take  place  between  the 
conjunctiva  and  the  epithelial  surface  of  the  contiguous  cornea, 
the  vitality  of  which  is  also  interfered  with  from  the  same 
cause.  After  such  an  adhesion  has  once  taken  place,  the  con- 
tinuance of  the  irritation  causes  the  surface  of  the  conjunctiva 
to  double  over  more  and  more  on  the  cornea,  and  thus  to  extend 
its  attachment  with  the  superficial  layers  of  the  cornea,  and  at 
the  same  time  drag  more  and  more  on  the  surrounding  con- 
junctiva. A  less  common  form,  or  what  may  be  called  a 
spicrioiis  pterygium,  is  met  with  at  any  part  of  the  conjunctiva. 
It  is  the  result  of  the  attachment  of  a  portion  of  chemotic 
conjunctiva  to  a  subjacent  ulcer  of  the  cornea.  Such  cases 
are  only  met  with  after  severe  inflammations,  and  do  not 
extend.  They  also,  as  a  rule,  leave  a  complete  space,  which  is 
bridged  ove*r,  so  that  a  probe  may  be  passed  from  side  to  side 
below  the  fold  of  conjunctiva. 

There  does  not  appear  to  be  any  connection  between  the 
action  of  the  ocular  muscles  and  the  position  usually  assimied 
by  a  pterygium,  that  being  probably  entirely  dependent  on  the 
conjunctiva  opposite  the  palpebral  fissure  being  most  subject 
to  the  changes  which  long-continued  irritation  produces. 

The  treatment  to  be  adopted  in  the  case  of  pterygium  should 
depend  upon  whether  or  not  it  is  progressing  in  such  a  manner 
as  to  interfere  with  vision  or  with  the  free  mobility  of  the  eye. 
If  this  be  the  case,  or  if  for  the  sake  of  appearance  the  patient 
wishes  it  to  be  removed,  an  operation  should  be  performed. 
The  most  suitable  and  satisfactory  method  of  operating  is  that 
described  in  Chapter  XVIII.  When  this  is  properly  done  it  is 
rare  to  meet  with  any  recurrence.  It  is  essential,  however, 
in  order  to  insure  success,  that  the  patient  should  not  be  exposed 
to  the  same  irritation  to  which  tlie  original  occurrence  of  the 
affection  is  to  be  ascribed,  until  some  time  after  complete  healing 
has  taken  place.  When  possible,  it  is  advisable  that  he  should 
change  his  occupation  altogether  for  one  which  does  not  entail 
the  same  risk.  In  cases  where,  altliough  there  can  be  no  doubt 
as  to  the  gradual  progression  of  the  pterygium,  the  patient  is 
nevertheless  unwilling  to  submit  to  operative  interference,  he 
must  be  protected  against  the  constant  irritation  in  some  manner 
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best  siutecl  to  the  requirements  of  each  case.  If  he  continues  his 
wonted  occupation  the  eye  should  be  tied  up  for  a  lengthened 
period.  The  spurious  form  shows  little  or  no  tendency  to 
proo-ress,  and  never  recurs  after  operation. 

Pinguecula.— Another  change  met  with  in  the  ocular  con- 
iunctiva  of  adults,  as  the  result  of  continued  irritation  from  some 
cause  or  other,  is  what  is  called  pinguecula.    This  is  a  whitish 
or  pale  yellow  condensation  of  the  conjimctival  tissues  covermg 
the  sclera  mostly  to  the  inner  and  outer  sides  of  the  cornea,  and 
corresponding,  therefore,  to  that  portion  which  lies  opposite  the 
palpebral  fissure.    The  patch  is  often  irregularly  triangular  in 
shape,  and  generally  only   very  slightly  prominent.  _  Most 
commonly  it  is  met  with  to  the  inner  and  outer  side  m 
the  same  or  in  both  eyes,  but  more  pronounced,  as  a  rule 
to  the  inner  side.    It  does  not  cause  any  inconvenience,  and 
does  not  call  for  operation.    Pinguecula  is  a  slow  inflammatory 
thickening  of  the  deeper  tissues  of  the  conjunctiva,  which, 
although  yellow  in  appearance,  does  not  seem  to  entangle 

'"'■^INJUKIES   TO   THE   CONJUNCTIVA  -  FOREIGN   BODIES  IN  THE 

■  Conjunctiva.— Clean  cuts  in  the  conjunctiva  readily  heal,  if  the 
edaes  of  the  wound  be  brought  together  by  stitches,  and  without 
aivina  rise  to  inflammatory  reaction.     Left   to  themselves, 
such  wounds  are  apt  to  gape,  so  that  healing  takes  place  by 
granulation,   and  is  therefore   often   accompanied  by  more 
or  less  conjunctivitis.    Foreign  bodies  when  retained  m  the 
conjunctival  sac  for  days  or  weeks  set  up  a  traumatic  con- 
junctivitis.   They  usually  lodge  somewhere  under  the  upper  hd, 
and  mostly  become  fixed,  with  or  without  penetration,  in  some 
portion  of  the  conjunctiva  covering  the  tarsus,  often  close  to  the 
lid  margin.    Sometimes  they  become  embedded  in  the  folds  of 
the  retrotarsal  portion  of  the  conjunctiva,  or  owing  to  suction— 
as,  for  instance,  in  the  case  of  husks  of  corn— lie  witli  the 
concave  surface  against  the  conjunctiva.    In  the  first  position 
they  are  apt  to  give  rise  to  ulceration  of  the  cornea.  Owing 
to  this  circumstance,  it  is  well  to  make  a  practice  of  always 
everting  the  lids,  and  examining  the   conjunctival  surfaces 
carefully  in  all  cases  of  inflammation  of  conjunctiva,  or  abrasion 
or  ulceration  of  the  cornea.     Portions  of  glass  are  the  most 
difficult  to  detect,  so  that  when  there  is  any  suspicion  of  there 
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being  a  foreign  body  of  this  nature  present,  the  everted  lid 
should  be  examined  with  oblique  illumination,  and,  if  necessary, 
with  a  magnifying  glass.  Besides  the  cutting  and  contusion 
which  may  be  caused  by  mechanical  injury  to  the  conjunctiva, 
and  the  subsequent  changes,  inflammation  and  cicatrisation, 
which  result  in  this  way,  other  and  often  more  serious  changes 
are  caused  by  agents  which  have  a  chemical  or  thermal  action. 

Accidents  from  the  introduction  into  the  eye  of  acids, 
alkalies,  lime,  boiling  water,  or  molten  metal  are  not  un- 
common.  As  a  rule  such  accidents  are  immediately  followed  by 
great  pain,  which  leads  the  patient  to  seek  advice  as  soon  as 
possible.  When,  as  usually  happens,  a  portion  of  the  conjunctiva 
has  been  destroyed,  the  prognosis  will  depend  greatly  on  the 
extent  as  well  as  position  of  the  injured  portion.   Except  where 
the  cornea  is  seriously  damaged  at  the  same  time,  the  worst 
cases  are  those  in  which  a  considerable  extent  of  both  ocular  and 
palpebral  conjunctiva  has  been  destroyed,  and  more  especially 
when  the  destruction  has  involved  the  retrotarsal  fold.  It 
becomes,  then,  impossible  to  prevent  adhesion  of  the  lid  to 
the  globe,  or  what  is  called  symblepharon.    A  syniblepharon 
necessarily,  too,  gives  rise  to  more  or  less  restriction  of  the 
movements  of  the  eye.     It  is  often  possible  to  remedy  the 
defect  by  some  operation ;  but  it  is  of  great  importance  to 
make  an  effort  in  all  cases  seen  soon  after  the  accident  to  avoid 
the  formation  of  an  adhesion  between  the  two  raw  surfaces. 
This  can,  as  a  rule,  be  successfully,  accomplished,  if  the  fold  of 
transition  from  the  ocular  to  the  palpebral  conjunctiva  be  not 
injured  to  any  great  extent,  by  frequently  dropping  a  few  drops  of 
olive  oil  into  the  eye  after  washing  it  out  with  a  weak  non-irrita- 
ting antiseptic  lotion  (corrosive  sublimate,  1  in  5000, or  a  saturated 
solution  of  boracic  acid),  and  at  the   same  time  frequently 
separating  the  two  surfaces.    This  treatment  should,  in  any  case, 
be  adopted  innnediately  after  an  injury  has  been  received  which 
is  likely  to  cause  destruction  of  the  conjunctiva ;  but  it  must,  of 
course,  always  be  preceded  by  a  thorough  examination  of  the 
whole  extent  of  the  conjunctival  surface,  and  the  removal  of  any 
foreign  bodies.    In  cases  where  the  burning  is  the  result  of  acid, 
it  is  advisable,  in  order  to  neutralise  any  of  the  acid  which  may 
still  be  present,  to  bathe  with  a  weak  solution  of  washing  soda, 
which  is  generally  at  hand. 
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Electric  Light  Ophthalmia.-A  new  forna  of  conjunctivitis 
is  now  occasionally  met  with  since  the.  strong  arc  electric  light 
has  come  so  much  into  use.  Amongst  those  whose  eyes  are 
subjected  to  the  glare  of  a  powerful  arc  light,  an  mtense  con- 
junctival irritation  is  sometimes  found  to  come  on  several  hours 
afterwards  The  condition  is  exceedingly  painful,  accompanied 
by  swelling  of  the  lids  and  great  photophobia.  It  has  been 
shown  by  Widmark,by  a  series  of  beautiful  experiments,  that  it 
is  the  violet  and  ultra-violet  rays  contained  in  the  electric  light 
which  cause  the  characteristic  irritation. 

Snow-blindness.  — Both  as  regards  its  symptoms  and 
etiology,  snow-blindness  is  closely  allied  to  the  form  of  conjunc- 


jj'je.  26. — Lymphangiectasia  of  the  conjunctiva. 

tival  irritation  set  up  by  exposure  to  strong  electric  light. 
There  is  intense  photophobia,  swelling  of  the  lids  and  chemosis, 
following  upon  the  exposure  for  some  hours  to  the  light  reflected 
from  snow.  As  in' the  case  of  electric  light  ophthalmia,  it  is  the 
irritation  of  the  conjunctiva  by  the  shorter,  more  actinic  waves 
of  light  which  gives  rise  to  these  symptoms.  According  to  some, 
they^'are  caused  as  well  by  exposure  to  sharp,  frosty  air  con- 
taining minute  ice  spicules. 

.Dark  smoked  glasses  should  be  used  as  a  protection  wherever 
there  is  the  risk  of  either  electric  light  or  snow-blindness. 

Lympiiangiectasis  of  the  Conjunctiva.— a  not  uncommon 
appearance  is  met  with  in  the  conjunctiva,  as  the  result  pro- 
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bably  of  some  interference  with  the  normal  flow  of  the  lymph, 
and  consequent  dilation  of  the  lymph  spaces.  This  change,  which 
seems  to  be  of  no  importance,  and  not  associated  with  any 
inflammation,  consists  in  tlie  formation  of  blebs  of  clear  straw- 
coloured  fluid,  not  bigger  than  a  pin's-head,  but  crowded  together 
in  masses.  The  blebs  are  situated  in  the  superficial  layers  of 
the  conjunctiva,  so  that  they  can  be  readily  pushed  with  the 
conjunctiva  over  the  subjacent  tissues  (see  Fig.  26).  They  often 
disappear  spontaneously  after  some  weeks  or  months. 

Tumours  and  other  Affections  of  the  Conjunctiva. — 
Tumours  of  the  conjunctiva  are  rare.  Of  the  non-malignant 
forms  perhaps  the  most  common  are  papillomata.  They  usually 
occur  as  multiple  excrescences  from  the  conjunctiva,  at  the  inner 


ITiG.  27. — Dermoid  of  cornea. 

angle  of  the  eye  in  the  region  of  the  caruncle,  but  are  found  at 
the  same  time  springing  from  the  palpebral  conjunctiva.  Their 
surfaces  are  generally  uneven,  often  crenated,  but  they  may  also 
be  smooth.  If  thoroughly  removed  there  seems  to  be  no  tendency 
to  recurrence. 

Simple  enlargement  of  the  caruncle  is  sometimes  met  with. 

Dermoid  Cysts  of  the  conjunctiva  are  situated  at  the  corneo- 
scleral margin,  and  involve  the  cornea  as  well.    (Fig.  27.) 

Simple  Cysts,  congenital  and  traumatic,  are  described  as 
having  been  met  with ;  also  others  containing  a  cysticercus 
which  sometimes  makes  its  appearance  subconjunctivally. 

Of  malignant  tumours  sarcomata  of  the  conjunctiva  are  not 
so  very  uncommon.    They  are  most  frequently  met  with  in  the 
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ocular  conjunctiva.  They  may  or  may  not  be  melanotic.  Even 
when  apparently  very  completely  removed,  they  are  extremely 
liable  to  recur.  When,  therefore,  no  doubt  exists  as  to  their 
nature,  as,  for  instance,  when  they  are  melanotic,  and  when  in 
catching  hold  of  them  with  the  fixation  forceps  they  readily  break 
and  bleed,  and  show  themselves  to  be  of  a  soft  buttery  consist- 
ence, the  best  treatment,  unless  the  other  eye  should  be  blind  or 


•!  'V.W.  Fig.  28. — Chancre  of  conjunctiva. 

absent,  is  to  remove  the  eye,  and  at  the  same  time  a  part  or  all 
of  the  contents  of  the  orbit. 

Rodent  ulcers  and  epithdioviata  are  generally  found  as 
extensions  from  the  skin  of  the  lids,  but  they  may  originate  in 
the  conjunctiva.    They  must  in  any  case  be  freely  removed. 

Tubercular  and  hcpoid  sioellings  of  the  conjunctiva  occur 
as  rare  affections,  the  latter  mostly  spreading  from  the  skin, 
while  the  former  appear  to  originate  in  the  conjunctiva.  They 
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both  have  a  tendency  to  spread  to  the  cornea.  The  differential 
diagnosis  is  by  no  means  easy.  The  so-called  tubercle  bacilli 
have  been  found  in  some  cases.  Cases  which  I  have  examined 
for  this  microbe  have  all  led  to  negative  results,  although 
they  have  sometimes  proceeded  to  complete  destruction  of 
the  eye.  Some  such  cases,  as  far  as  my  own  experience  goes, 
appear  to  be  more  of  the  nature  of  strumous  thickenings 
and  ulcerations  than  real  tubercular  masses.  The  treatment 
consists  in  excising  or  thoroughly  scraping  away  the  soft 
tumour  tissue. 

Chancres  occur  occasionally  in  the  conjunctiva,  and  involve 
the  skin  of  the  surrounding  lids.  They  are  not,  as  a  rule,  diffi- 
cult to  diagnose,  but  any  doubt  is  set  at  rest  by  the  appearance 
of  secondary  symptoms  in  a  certain  proportion  of  all  cases. 

Hypeeplastic  Subconjunctivitis. — I  have  met  with  several 


Fig.  29. — Hyperplastic  Subconjunctivitis. 

eases  of  a  condition  which  I  have  not  found  described  elsewhere, 
and  which  appears  to  be  a  hyperplasia  of  the  deeper  tissues  of  the 
conjunctival  fold.  It  seems  always  to  occur  in  the  lower  lid, 
and  forms  a  hard  mass  of  almost  cartilaginous  consistency,  which 
springs  immediately  into  view  when  the  lid  is  everted.  It  may 
even  grow  so  large  as  to  project  beyond  the  lid.  It  is  associated 
with  but  little  conjunctival  irritation,  though  sometimes 
producing  oedema,  and  disappears  after  some  months  without 
treatment.  Fig.  29  is  from  a  case  where  the  condition  existed 
in  an  aggravated  form. 

Episcleritis. — The  deeper  tissues  covering  the  sclera  are 
subject  to  a  characteristic  type  of  inflammation,  to  which  the 
name  of  episcleritis  is  generally  given.    Possibly  sometimes  the 
superficial  layers  of  the  sclera  itself  may  also  be  involved,  but 
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in  most  cases  the  inflai^mation  is  mainly  or  entirely  confined  to 

the  looser  tissues  above  it.  „         ^-     ..u  <- 

Episcleritis  shows  itself  as  a  patch  of  inflammation,  the  most 
intense  point  of  which  is  generally  situated  some  millimetre-s 
from  the  corneo-scleral  margin.  In  appearance  the  patch  is  at 
first  not  unlike  that  caused  by  the  injection  surrounding  a  large 
conjunctival  phlyctenule.  Its  colour  is,  however  darker,  bemg 
of  a  deeper  red,  with  not  infrequently  a  tinge  of  violet.  The 
patch  is  always  more  or  less  prominent,  sometimes  very 
markedly  so,  and  gives  rise  then  to  the  appearance  of  a 
considerable  bulging  of  the  sclera  in  the  area  of  mflammation. 
In  size  it  varies  much  in  different  cases ;  but,  while  generaUy 


J.  T  T 


Fig.  30. — Episcleritis. 


considerably  less,  may  occasionally  involve  one-fourth  of  the 
extent  of  the  ocular  conjunctiva.  After  the  inflammation  has 
subsided  it  leaves  more  or  less  trace  of  its  former  existence  m 
the  shape  of  a  steel  or  slate-grey  patch,  which  generally  merges 
into  the  surrounding  healthy  coloured  conjunctiva. 

As  a  rule,  episcleritis  does  not  cause  too  much  spontaneous 
pain,  though  there  is  always  more  or  less  tenderness  to  toucli 
over'  the  inflamed  patch.  Sometimes  a  dull  heavy  pain  is  com- 
plained of,  and  there  may  even  be  a  considerable  degree  of 
photophobia  and  lachrymation.  It  is  a  common  enough  affec- 
tion, confined  almost  entirely  to  adults,  and  occurring  with 
equal  frequency  in  both  sexes. 
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The  inflammation  runs  a  very  chronic  course,  several  months 
usually  elapsing  before  the  iutlamed  patch  altogether  disappears. 
It  is  subject  both  to  exacerbation  from  time  to  time  during  its 
existence,  and  to  recurrence.  When  recurrence  takes  place, 
another  similar  patch  forms  at  some  other  part  of  the  episcleral 
tissue,  and  not  infrequently  a  second  patch  may  make  its 
appearance  before  the  first  has  entirely  disappeared.  The  most 
common  position  for  the  first  patch  seems  to  be  to  the  outer 
side  of  the  cornea,  but  it  may  be  anywhere.  When  very  near 
the  cornea  some  infiltration  may  pass  into  that  membrane 
and  consequently  produce  an  ojoacity,  but  this  almost  always 
clears  away  afterwards.  As  a  rule,  the  cornea  is  altogether 
unaffected. 

Episcleritis  is  a  decidedly  gouty  or  rheumatic  affection, 
and,  so  far  as  my  experience  goes,  such  a  diathesis  is  the  only 
one  with  which  it  can  be  connected.  Some  writers  consider 
it,  but  without,  I  think,  sufficient  reason,  a  manifestation  of 
syphilis. 

In  the  treatment  it  is  better  to  avoid  any  local  application  ; 
certainly  aU  astringents  are  more  likely  to  do  harm  than  good. 
Gentle  massage,  performed  by  rubbing  the  lid'  rapidly  over  the 
inflamed  area  for  half  a  minute  to  a  minute  at  a  time, 
once  or  twice  a  day,  or  oftener  when  it  is  not  very  sensitive 
is  useful,  and  seems  to  promote  absorption  of  the  infiltra- 
tion. Salicylate  of  soda  may  be  given  internally,  In  the 
more  distinctly  gouty  cases  colchicum  is  often  better.  When 
there  is  much  tendency  to  recurrence  the  patient  should 
be  sent  to  some  bath,  such  as  Harrogate,  Buxton,  or  Aix- 
les-Bains.  It  is  seldom  that  any  surgical  interference  is 
called  for,  and  nothing  should  be  tried  except  in  cases  which 
are  very  chronic,  e.g.  when  the  first  patch  of  inflammation 
remains  for  six  months  or  more  without  any  improvement,  and 
becomes  frequently  reinflamed  and  associated  with  corneal 
infiltration.  In  such  cases  I  have  had  excellent  results  from 
removing  a  portion  of  the  inflamed  tissue  right  up  to  the 
corneo-scleral  margin,  that  is,  by  performing  the  operation  of 
peritomy  or  syndeetomy.  Incision  of  the  swollen  area,  when 
it  is  very  prominent,  and  scraping  out  of  its  contents,  lias  been 
recommended,  but  of  this  treatment  I  have  had  no  experience. 


CHAPTER  IV. 


DISEASES  OF  THE  COENEA. 
General  Eemarks  on  Inflammation  of  the  Cornea. 

The  corneal  tissue  may  be  the  site  of  inflammatory  products, 
deriving  their  origin  from  a  focus  of  inflammation  which  is 
situated  either  in  the  cornea  itself,  or  in  some  other  part  of  the 
eye     In  the  first  case  we  may  talk  of  a  primary  or  true 
heroMis;  in  the  second  there  is,  properly  speaking,  no  keratitis, 
but  merely  a  more  or  less  dense,  diffuse  infiltration  of  the  cornea 
similar  in  every  way  to  the  hypera^mic  and  oedematous  area  of 
infiltration  which  surrounds  a  focus  of  inflammation  m  any 
other  part  of  the  body.    The  condition  is  one,  then,  of  secondary 
diffuse  infiltration  of  the  cornea;  secondary  as  distmgmshed  from 
a  simHar  infiltration  surrounding  a  primary  inflammation  of  the 
cornea  ;  or,  shortly,  secondary  keraiiHs,  if  it  be  remembered  that 
the  secondary  refers  to  the  focus  of  inflammation  bemg  else- 
where, and  not  to  the  time  at  which  the  corneal  changes 

become  manifested.  .  , 

The  division  of  corneal  inflammatory  changes  into  piimai} 
and  secondary  keratitis  is  the  most  important  classification 
from  a  clinical  point  of  view. 

Primary  JcLitis,  except  when  confined    o  the  epithehal 
layer,  is  mostly  associated  with  some  degree  of  ^e™^^^^^^ 
•  corneal  tissue  at  the  focus  of  inflammation,  and  the  loss  tl  u 
sustained  is  replaced  by  more  or  less  hitmisparent  conne^^^^^^^ 
tissue    It  occurs  in  two  forms-as  an  wfiltrahon  or  abscess,  and 
as  amdceration;  that  is  to  say,  the  inflammatory  changes  are 
either  surrounded  by  more  or  less  healthy  tissue,  or  have  led  to 
a  destruction  of  the  superficial  layers  of  the  cornea,  so  that  there 

is  an  open  sore.  .         .  . 

It  is  customary  to  distinguish  between  primary  infi  trat  on 
and  abscess  of  the  cornea.    The  latter  is  said  to  exist  when  the 
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infiltration  is  purulent  and  destruction  of  the  tissues  has  taken 
place.  It  is  not  always  possible  to  make  this  distinction 
clinically.  The  colour  of  a  uorneal  infiltration  depends  so  much 
on  the  depth  at  which  it  lies  as  well  as  on  its  density,  that  if 
one  were  to  judge  by  colour  alone,  one  would  frequently  diagnose 
an  abscess  Avhen  such  did  not  exist  in  the  anatomical  sense. 
The  degree  of  pain  is  also  a  very  imcertain  symptom,  as  great 
differences  exist  in  tliis  respect. 

Clinically,  then,  we  may  divide  primary  corneal  inflamma- 
tion into  ulcerative,  and  non-ulcerativc.  The  non-ulcerative 
frequently  becomes  eventually  ulcerative.  Both  forms  may 
be  single  or  midtiple,  according  as  one  or  more  foci  of  inflam- 
mation ai'e  present.  They  may  be  superficial  or  deep,  diffuse  or 
circumscribed,  vascidarised  or  non-vascularised,  and  may  or  may 
not  be  complicated  by  inflammation  or  other  changes  of  any 
other  part  of  the  eye,  such  as  iritis,  scleritis,  or  any  alterations 
in  the  contents  of  the  aqueous  chamber,  such  as  the  presence 
of  pus  (hypopyon),  or  blood  (hyphema). 

An  ulcer  of  the  cornea  may  extend  either  in  depth  or  in 
breadth,  or  in  both.  Wlaen  extending  in  breadth,  the  margin, 
or  some  portion  of  the  margin,  is  ragged  and  usually  visibly 
infiltrated,  and  the  base  covered  with  more  or  less  debris. 
Sometimes,  and  this  is  more  especially  the  case  with  iilcers  near 
the  margin  of  the  cornea,  a  number  of  contiguous  foci  of 
inflammation  become  confluent,  and  give  rise  to  one  large 
ulceration. 

When  healing  takes  place,  the  margin  of  an  ulcer  becomes 
rounded  all  over,  owing  to  the  extension  over  it  of  an  epithelial 
covering,  and  the  loss  of  substance  is  gradually  repaired  by  the 
development  of  an  intransparent  connective  tissue.  Tliere  is 
thus  left  an  opalescent  or  white  opacity,  a  so-called  macida  or 
nebula  of  the  cornea,  as  the  result  of  the  cicatrisation.  An 
exceedingly  dense  white  cicatrix  is  called  a  leiicovia. 

A  nebula  of  the  cornea  does  not  clear  up  in  the  adult,  but 
does  so  in  y(jung  children,  and  the  more  readily,  tlie  younger 
the  subject.  The  cicatricial  tissue  of  wliicli  tliey  are  constituted 
then  gradually  assumes  a  greater  and  greater  similarity  to  the 
healtliy  transparent  tissue.  Under  the  most  favourable  cir- 
cumstances, viz.,  when  the  corneal  destruction  takes  place  in 
infancy,  and  the  child  is  otlierwise  healthy,  all  but  the  most 
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extensive  and  deepest  nlcerations  may  iu  this  way  eventually 
leave  no  trace  of  their  existence.  *  nf 

An  ulcer  which  extends  in  depth  may  lead  to  perforation  of 
the  cornea.  This  may  give  rise  to  further  complications  he 
nature  of  which  depends  on  the  situation  and  extent  of  the 
perforation.  If  smaU  and  central,  there  may  be  no  fui'thei 
complications  than  the  emptying  of  the  anterior  chamber, 
whereby  the  lens  comes  in  contact  with  the  posterior  surface 
of  the  cornea.  When  the  lens  remains  long  in  this  position 
there  is  apt  to  be  set  up  a  proliferation  of  the  ceUs  hnmg  its 
anterior  capsule,  leading  to  what  is  called  .m^mo.  c«psz.to' or 
^^,rm^ulal  cataract.    When  the  central  perforation  is  large,  the 
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Fig.  31.— Anterior  synechia. 


lens,  and  even  more  or  less  of  the  vitreous  humor,  may  be 
expelled  through  it.    Sometimes  a  perforation  at  the  centre  of 
the  cornea  remains  for  a  long  time  open,  constituting  what  is 
called  a  fistula  of  the  cornea.    When  a  perforation  occurs  more 
towards  the  margin  of  the  cornea,  it  is  the  iris  w  nch,  on  the 
escape  of  the  acpieous  luinior,  becomes  applied  to  the  posten^^^ 
surfice  of  the  cornea.    The  most  favourable  result  -^"^-f^ 
follow  this  accident  is  for  the  iris  to  go  back  into  ts  piopei 
position  on  the  re-estabhshment  of  the  anterior  chanlbel^  This 
happens  if  the  perforation  is  small  and  rapidly  closed.  The 
portion  of  the  anterior  surface  of  the  iris,  which  at  the  time 
of  perforation  becomes  pressed  up  against  the  back  ot  tlie 
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cornea,  may  form  a  permanent  fibrinous  adliesion  in  this 
situation,  and  thus  give  rise  to  what  is  called  an  anterior 
synechia  (see  Fig.  31).  There  is  then  more  or  less  inter- 
ference with  the  free  movement  of  the  pupil,  which,  as  it 
dilates  less  in  one  or  more  directions  than  in  others,  loses  its 
circular  form  and  becomes  irregular  in  shape,  usually  oval  or 
egg-shaped.  In  the  case  of  larger  perforations,  the  iris  is 
entangled  in  the  corneal  opening,  and  more  or  less  of  it  may 
protrude  or  prolapse  externally.  The  iris  usually  then  becomes 
incorporated  in  the  cicatrix.  To  this  condition  the  name  of 
kucoma  adherens  is  given. 

Corneal  ulceration,  when  extensive  or  deep,  leads  also  to 


'Fic.  32. — Large  staphyloma  of  cornea. 

alteration  in  the  curvature  of  the  cornea.  Such  an  alteration 
may  or  may  not  be  accompanied  by  more  or  less  marked  pro- 
trusion of  the  cicatrised  portion,  or  what  is  called  staphyloma  of 
the  cornea.  A  corneal  staphyloma  may  be  partial  or  complete, 
according  as  only  a  portion  or  the  whole  of  the  cornea  is 
involved  in  the  protrusion. — -(See  Figs.  32  and  33.)  The  most 
severe  cases  of  corneal  destruction  are  followed  by  disappearance 
of  the  cornea — phthisis  cornem.  'Not  infrequently  a  corneal 
inflammation  is  associated  with,  or  leads  to,  inflammation  of 
the  iris. 

The  principal  caioses  of  primary  Iceratitis  are  traumata, 
either  with  or  without  subsequent  sepsis,  struma,  and  extension 
of  conjunctival  inflammations.    The  homogeneous  elastic  layer 
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of  Descemet,  which,  along  with  its  layer  of  epithelium,  bounds 
the  true  corneal  tissue  posteriorly,  di^es  not  undergo  inflam- 
matory change.    When  perforation  takes  place  after  here  has 
been  an  ulcerative  destruction  extending  through  the  whole 
depth  of  the  superficial  layers,  it  is  owing  to  the  bursting  of 
this  membrane,  which  may  for  some  time  previously  have  been 
protruded  into  the  ulcer,  giving  rise  to  the  condition  known  as 
UratoceU.    Any  sudden  strain,  such  as  may  be  caused  by 
coughing  or  sneezing,  leads  to  the  rupture,  which  often  occurs 
with  some  violence,  the  aqueous  humor  being  squirted  out 
through  the  opening.    The  sudden  relief  of  tension  caused  by 
the  evacuation  of  the  anterior  chamber  is  not  followed  by  any 
serious  consequences  if  the  deeper  tissues  of  the  eye  be  healthy. 
After  perforation  there  is  usuaUy  observed  a  great  tendency  to 
healino-  a  fact  which  it  is  sometimes  advisable  to  take  advantage 
of  by  performing  paracentesis  of  the  cornea  through  the  base  of 
tjh6  \ilc6r 

The  treatment  applicable  for  most  cases  of  keratitis  consists 
in  keeping  the  cornea  as  free  as  possible  from  external  sources 
of  irritation.    Strong  light  should  be  avoided  by  the  use  of  a 
shade  covering  both  eyes,  or  a  pair  of  smoked-glass  spectacles. 
The  patient  should  not  be  allowed  to  read  or  use  the  eyes  much 
for  any  work  near  at  hand.    He  should  be  protected  from  dust, 
smoke,  or  close  atmosphere  of  any  kind.    Weak  antiseptic 
lotions,  preferably  of  corrosive  sublimate  (1  in  5000)  or  boracic 
acid  (1  in  50)  may  be  used  frequently  to  bathe  the  eyes  with. 
Poulticing  should,  as  a  rule,  be  avoided,  although  in  some  cases 
warm  antiseptic  fomeutations  are  comforting.    When  there  is 
much  injection  and  photophobia  the  pupil  should  be  kept 
dilated  with  atropine,  in  order  to  avert  any  complication  mth 
iritis,  or  to  render  the  consequences  of  such  a  comphcation 
less  serious  than  they  might  otherwise  be.     Some  forms  of 
ulceration,  move  particularly  the   sluggish  non-vascularised 
forms,  appear  to  heal  more  rapidly  when  eserine  drops  (2  grs. 
of  the  sulphate  to  Si.)  are  used  three  or  four  tunes  dai  y. 
Strumous   affections  of   the  cornea  are  much   benefited  by 
stimulation  with  yellow  oxide  of  mercury  ointment. 

As  a  general  rule,  and  unless  the  ulcerations  be  very 
deep  or  very  extensive,  so  that  there  is  danger  of  perfora- 
tion, or  unless  the  movements  of  the  lid  evidently  produce 
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irritation,  it  is  better  not  to  tie  up  the  eye,  as  more  harm  is 
done  by  the  retention  of  the  secretions  and  tears  than  by  free 
exposure  to  the  air. 

When  the  scar  which  remains  after  healing  is  dense 
and  situated  in  front  of  the  pupil,  vision  may  sometimes 
be  greatly  improved  by  tlie  performance  of  an  iridectomy. 
The  most  favourable  situation  for  an  artificial  pupil  is 
inwards,  or  inwards  and  downwards,  but  it  should  be  made 
opposite  that  portion  of  the  cornea  which  is  most  trans- 
parent, and  at  the  same  time  least  altered  in  its  curvature. 
Before  performing  the  operation,  the  cornea  should  therefore 
be  carefully  examined  by  oblique  illumination,  and  with 
Placido's  or  other  smiilar  keratoscope.  Owing  to  the  extent 
to  wliich  some  opacities  clear  up,  it  is  not  advisable  to  per- 
form iridectomy,  for  merely  optical  reasons,  too  soon.  A  little 
practice  enables  us  to  determine  what  part  of  the  nebula 
remaining  is  likely  to  clear.  That  portion  which  is  densely 
white  and  sharply  defined  will,  except  in  the  case  of  very 
young  children,  always  remain ;  but  the  more  diffuse  area, 
which  at  first  generally  siirrounds  this,  and  which  does  not 
correspond  to  the  portion  in  which  there  has  been  any  actual 
destruction  of  tissue,  is  hkely  to  clear  away.  When  this  lies 
over  the  pupil  then,  it  often  happens  that  the  eventual  acuity  of 
vision  is  found  to  be  rather  less  than  it  would  otherwise  have 
been  if  an  iridectomy  had  not  been  performed.  In  any  case, 
even  when  one  has  to  do  with  a  permanent  opacity,  it  may  be 
taken  as  a  good  practical  rule  that  iridectomy  should  not  be 
performed  unless  the  vision  is  less  than  -f^.  An  iridectomy, 
performed  for  optical  purposes,  should  be  small,  and  the 
incision  should  be  made  as  a  rule  at  the  corneo-scleral  margin. 

Something  may  often  be  done  to  promote  the  disappearance 
of  nebuhe,  more  especially  when  they  are  the  result  of  tolerably 
superficial  inflammations.  Either  massage  alone  —  that  is, 
rapidly  rubbing  the  lid  over  the  eye  for  half  a  minute  at  a 
time,  two  or  three  times  daily,  or  that,  combined  with  yellow 
oxide  of  mercury  (Pagenstecher's)  ointment,  is  useful  in  this 
respect.  Another  plan  is  to  drop  into  the  eye  daily,  or  once 
every  second  day,  a  drop  or  two  of  turpentine,  or  turpentine 
combined  with  an  equal  amount  or  more  of  olive  oil.  Such 
stimulating  treatment  should  not  be  begun  too  soon,  and  sliould 
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be  stopped  when  it  produces  much  irritation,  as  there  is  some 
tendency  for  fresh  infiltrations  to  take  place  m,  or  m  the 
immediate  neighbourhood  of,  old  cicatrices. 

When  there  is  a  staphylomatous  protrusion  of  the  scar,  a 
good-sized  iridectomy  should  be  performed,  and  in  snch  a  sitmi- 
tion  as  to  free,  if  necessary,  any  draggmg  on  the  ins  (see  Fig.  oo) 
The  result  of  iridectomy  performed  for  this  purpose  is  often  most 
satisfactory.  The  dragging  on  the  iris  leads  apparently  to  in- 
creased secretion  of  the  fluids  within  the  eye,  and  consequently 
to  a  rise  in  the  tension  of  the  eye,  which  the  more  or  less  weak 
cicatricial  tissue  is  unable  to  withstand.   Iridectomy  used  also  to 


Fig  33.-Case  of  partial  central  staphyloma  of  cornea,  for  which 
iridectomy  has  been  performed. 

be  performed  for  cases  of  anterior  synechia  which  were  unaccom- 
Wed  by  any  staphylomatous  protrusion  of  the  corneal  cicatrnx^ 
!ts  was  supposed' hat  the  anterior  synechia  eiitaded  a  nsk  of 
sympathetic  inflammation  from  irritation,  winch  might  at  any 
tfme  be  set  up,  owing  to  dragging  on  the  iris.  ^^^^l^^ 
fact  however,  the  risks  of  sympathetic  mflammation  aie  increased 
instead  of  cU  ninished  by  iridectomy.     Such  an  accident  is  no 
oTextreniely  rare  in  the  case  of  a  simple  -tenor  synechu^^^^^^ 
only  occurs  at'allif,  for  some  cause  or  othei^  a  ^eptic  mh  Uat^^ 
of  the  scar  takes  place.    No  doubt  the  dragging  on  the  ii  s 
sometimes  does  set  up  irritation,  but  even  this  is  comparatively 
speaking,  an  exceptional  result.     The  proper  treatment  is  to 
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leave  the  eye  alone,  aucl  only  interfere  if  there  be  irritation.  A 
double  iridectomy,  freeing  the  iris  on  either  side  of  the  adherent 
portion,  shoiild  then  be  performed.  Both  may  be  done  at  the 
same  time  without  difficulty.  Attempts  at  detaching  the  ad- 
hesion by  any  operatioii  should  not  be  made.  They  are  rarely,  if 
ever,  satisfactory. 

Larger  staphylomata  may  be  reduced  in  size  by  any  of  the 
operations  described  in  the  chapter  on  Operations.  There  is 
some  risk  of  setting  up  a  prolonged  irritation  or  inflammation 
by  such  operations,  which  at  the  same  time  introduce 
the  possibility  of  sympathetic  inflammation  in  the  other  eye. 
Unless  A^ery  unsightly,  a  total  or  nearly  total  staphyloma  is 
therefore  best  left  alone.  When  protruding  between  the  lids 
and  painful,  evisceration  or  enucleation  should  be  performed  in 
preference  to  other  less  severe  measures,  but  as  long  as  the 
tension  remains  high  there  is  hardly  any,  if  any,  danger  of 
sympathetic  inflammation. 

Leucomata  may  be  rendered  less  unsightly  by  being  tattooed 
Sometimes,  too,  when  the  cicatrix,  in  the  cornea  covering  the 
normal  pupil  is  not  very  dense,  the  effect  of  an  iridectomy  is 
increased  by  this  operation.  The  vision  is  thereby  increased  in 
acuity,  being  hampered  by  light  scattered  by  the  corneal  opacity. 
Careful  tattooing,  without  iridectomy,  sometimes  leads  to  very 
considerable  improvement  of  vision  in  cases  where  the  whole 
pupil  is  not  covered  by  cicatrised  cornea. 

Special  Forms  of  Primary  Keratitis. 

Phlyctenular  Keratitis. — This  very  common  affection  is 
not  properly  characterised  by  the  name  which  it  most  frequently 
gets.  But  as  it  is  the  process  in  the  cornea  which  corresponds 
to  phlyctenular  conjunctivitis,  with  which  it  is  very  frequently 
associated,  there  seems  no  reason  to  prefer  such  names  as 
scrofulous  or  lymphatic  keratitis,  or  herpes,  or  eczema  of  the 
cornea,  which  have  been  by  some  substituted  for  it. 

Pldyctenular  keratitis  occurs  in  the  form  of  single  or  mul- 
tiple, small,  superficial,  and,  at  first,  usually  non-vascularised, 
infiltrations  of  the  cornea.  The  size  of  these  infiltrations  is 
rarely  more  than  a  pin's-head.  They  are  of  a  greyish  colour, 
and  slightly  prominent.     Frequently  they  break  down  into 
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s^all  ulcers,  which  do  not  as  a  f  ^^^^f  f 
spread  either  superficially  or  m  depth,  but  which  ^lequenuy 
h^ot  vLularised.    A  slight  neb.^ous  spot 
time  after  healing  has  taken  place,  but  eventua^l^^^  a^^^^^^ 
entirely.    Sometimes  the  httle  mhltrations  are  ^^-^  ^^^^^^^^^^^ 
or  purulent  and  break  down  into  ulcers,  which  lead  to  destruc 
tior  o    soine  of   the  true  corneal  tissue,  and  therefore  to 
more  peilnent  nebul..    A  certain,  and  often  consulera^^e 
amount  of  pinkish  circumcorneal  injection  is  met  -^h  -  to 
affection  and  there  is  at  the  same  time  almost  mvariablj  a  good 
tTm^^^o.  and  photophobia.  The  pl-topho^^^^^^^^^^^^^ 
so  intense  in  children  as  to  lead  to  most  persistent  blephaio- 
pasm    The  most  common  cause  of  phlyctenular  keratitis  is 
sHma  but  it  is  often  met  mth  where  there  exists  some  con- 
stitutional depression  not  necessarily  of  a  /f^^^'f^^^ 
as  weakness  after  exhausting  illnesses,  measles,  scarlet  fever,  <S:c^ 
In  strumous  children  it  is  very  apt  to  recur  once  a  year  or 
oftener  for  some  thne.    Altogether  the  f-tion  ^  much  more 
common  in  children  than  in  adults,  and  usually,  when  met 
with  in  adults,  there  is  a  history  of  previous  attacks  m 

childhood.  , 

Except  in  more  markedly  purulent  cases,  the  trcatmcvi, 
in  children  at  least,  should  consist  mainly  m  the  local  appli- 
cation once  daily  of  the  yellow  oxide  of  f^^^^^^T  ^^itment 
(Pagenstecher's)  of  the  strength  of  8  grs.  of  the  yeUow  oxide 
to  Si.  of  unguentum  cetacei,  to  which  a  few  drops  of  olive  oil 
may  be  added  to  keep  it  from  becommg  hard.    The  spermace  i 
is  better  than  vaseUne,  which  sometimes  irntates.    This  oint- 
ment is  certainly  better  than  any  other  form  of  mercurial 
preparation.     Whether  this  is  owing  to  its  stimulant  or  its 
antiseptic  properties,  or  to  some  _  other  cause   is   not  er 
evident.     Adults   do   not  tolerate   it   so  well  as  children. 
They  require   altogether  less   stimulating  local  treatment, 
atropine,  cocaine,  and  weak  antiseptic  appUcations,  such  as  a 
2  per  cent,  boracic  lotion,  or  a  lotion  of  corrosive  sublimate,  1 
in  5,000  or  10,000.    The  internal  administration  of  cod  hvei  o 
is  of  great  service  in  children.    Attention  should  also  be  gn  en 
to  keeping  the  skin  clean.     lA.r  adults,  quinine,  or,  in  t  e 
strumous,  the  syrup  of  the  iodide  of  iron,  are  indicated.  i}m 
up  the  eye  is  not  only  unnecessary,  but  does  harm,  parti} 
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account  of  encouraging  the  photophobia,  and  partly  owing  to 
the  poulticing  action  which  is  apt  to  be  caused  by  the  bandage 
or  cloth  when  saturated  with  the  tears  which  are  usually  copious 
in  this  affection.  At  most  a  shade  may  be  allowed  on  account 
of  the  photophobia,  but  it  is  better  as  a  rule  to  try  in  every  way 
to  combat  this  condition. 

The  photophobia  is  sometimes  so  severe,  and  at  the  same 
time  so  out  of  keeping  apparently  with  the  actual  severity  of  the 
inflammation,  that  it  must  be  looked  upon  more  as  an  induced 
neurosis  which  calls  for  special  treatment.  Cocaine  and  atropine 
are  useful  as  anodynes,  and  in  cases  where  the  blepharospasm  is 
very  marked  and  prolonged,  division  of  the  outer  canthus  may 
be  practised.  In  cliildren  the  jDlunging  of  the  head  into  cold 
water  has  often  a  marvellous  effect,  especially  if  it  be  held 
sufficiently  long  in  the  water  to  give  rise  to  a  gasping  for 
breath.  Counter-irritation,  either  by  blisters  or  setons  in  the 
temples,  or  by  the  application  of  nitrate  of  silver  to  the  skin  of 
the  upper  lids,  is  unnecessarily  severe,  and  at  the  same  time  not 
often  a  very  successful  treatment,  though  still  apparently  pretty 
much  used. 

Fascicular  Keratitis. — Closely  allied  to  phlyctenular  kera- 
titis etiologically,  and  indeed  often  occurring  along  with  it,  but 
constituting  a  distinct  clinical  type  of  corneal  iallammation,  is 
what  is  called  fascicular  keratitis.  This  is  a  vascularised  infil- 
tration, the  vessels  in  which  run  parallel  to  each  other,  so  as  to 
form  a  dense  band  or  fasciculus  about  a  line  in  breadth  stretch- 
ing into  the  cornea  (see  Fig.  34).  At  the  end  of  the  vascular 
leash  the  infiltration  is  somewhat  more  or  less  crescentic  in 
shape,  and  often  ulcerated.  Occasionally  two  or  more  of  such 
infiltrations  are  to  be  seen  stretching  in  towards  the  centre  of 
the  cornea,  and  although  most  commonly  the  course  taken  is  a 
straight  one  throughout,  there  is  sometimes  a  more  or  less 
decided  bend  made.  When  devascularised,  a  nebulous  streak  is 
left,  which  very  slowly  clears  away,  and  is  always  most  dense 
and  persistent  at  the  end  farthest  into  the  cornea.  This 
portion  often  remains  indeed  a  permanent  opacity.  The 
accompanying  symptoms — circumcorneal  injection,  photophobia, 
and  lachrymation — are  the  same,  and  exhibit  much  the  same 
differences  in  intensity  as  in  the  case  of  phlyctenular  keratitis. 
The  affection  is  mostly  strumous,  and  almost  entirely  confined  to 


126 


DISEASES  OF  THE  CORNEA. 


children  The  treatment  is  the  same  as  for  phlyctenular  keratitis, 
only  in  these  cases  Tagenstecher's  ointment  is  even  more  valu- 
able, and  seldom  fails  to  arrest  the  progress  of  the  inflammation 
in  a  few  days.  It  causes  flrst  of  all  a  gradual  disappearance  of 
the  band  of  vessels,  and  subsequently  promotes  absorption  of  the 
infiltratiirg  cells.  It  is  important  to  check  the  l-ogress  ^e^^^^^^ 
the  centre  of  the  cornea  is  reached,  as  tl;^°P^f ^^^^^^  " 
course  of  much  more  serious  consequence  if  situated  directly  m 
front  of  the  pupil.  In  the  rare  cases  m  which  the  yellow  oxide 
of  mercury  is  not  efficacious,  an  attempt  may  be  made  to  inter- 
fere with  the  source  of  blood  supply,  by  removing  a  piece  of 
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34. — Fascicular  keratitis. 


coniunctiva,  or  by  cauterising  the  conjunctiva  at  the  pomt 
where  the  vessels  take  their  origin.  This  treatment  is  m  general 
to  be  avoided,  however.  Where,  at  the  time  the  case  comes 
under  observation,  the  portion  of  the  infiltration  at  the  end  of 
the  fasciculus  of  vessels  should  happen  to  occupy  just  the  centre 
of  the  cornea,  it  is  better  to  allow  it  to  be  pushed,  as  it  wei'e  a 
little  further  before  trying  to  check  it,  so  as  to  allow  the 
pupillary  area  to  be  occupied  by  a  vascularised  portion,  which  is 
more  completely  absorbed,  and  therefore  does  not  eventually 
interfere  so  much  with  visi(in. 

Pannus.— This  consists  for  the  most  part  of  a  development 
of  new  vessels  in  the  superficial  layers  of  the  cornea.  The 
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vessels  spring  from  those  of  the  conjunctiva,  and  course  im- 
mediately below  as  well  as  above  Bowman's  membrane.  At 
the  same  time  there  is  more  or  less  irregularity  of  the  corneal 
epithelium  over  the  vascularised  portion,  and  some  diffuse  infil- 
tration into  the  tissues  occupied  by  the  newly  formed  vessels. 
There  are  great  differences  both  in  the  extent  and  intensity  of 
the  vascularised  area.  When  very  dense  the  cornea  assumes 
quite  a  raw  fleshy  appearance,  a  condition  known,  therefore,  as 
paymtts  CTassus. 

Pannus  occurs  principally  in  connection  with  trachoma  (see 
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Fig.  -35. — Old  standing  trachoma  and  pannus. 

Fig.  35)  and  long-continued  strumous  infiltrations  of  the  cornea 
We  may  therefore  distinguish  a  trachomatous  pannus  and  a 
dmmous  pannus.  Trachomatous  pannus  is  apparently  due  to 
an  extension  of  the  granular  inflammation  from  the  conjunctiva 
to  the  cornea.  In  many  cases,  where  the  granulations  are 
massive,  there  is  found  to  be  no  pannus,  while  in  others  again, 
a  marked  degree  of  pannus  is  associated  with  comparatively 
slight  alterations  in  the  palpebral  conjunctiva.  This  dispro- 
portion Ijetween  the  condition  of  the  conjunctiva  and  cornea  in 
different  cases  shows  that  the  latter  is  not  the  result  of  friction 
though  this  connection  is  often  assumed  from  the  fact  tliat  tlie 
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pannus  often  occupies  only  the  upper  portiori  of  the  cornea 
Extending  over  an  area  correspondmg  to  that  covered  by  he 
uTOcr  lid    One  frequently  sees  a  pannus  all  at  once  set  up, 
alone  with  an  acute  exacerbation  in  the  conjunctiva,  m  cases 
which  have  long  remained  free  from  corneal  complication. 
In  spring  catarrh,  too,  in  which  the  roughness  of  the  conjunc- 
tival surface  may  attain  a  degree  rarely  if  ever  seen  m  trachoma 
•  there  is  never  any  pannus.    Strumous  pannus  is  more  frequent 
in  young  adults  than  in  children.    It  is  always  a  very  chronic 
affection    Sometimes  the  infiltrations  extend  in  depth  and 
become  purulent,  leading  eventually  to  actual  perforation  of  the 
cornea    The  opacity  produced  by  pannus  may,  m  course  o 
time,  disappear  under  treatment,  the  vessels  becoming  first 
attenuated  and  less  numerous.     Long-continued  cases  often 
result  in  a  hopeless  opacity  from  a  kind  of  cicatricial  orgamsa- 
tion  of  the  infiltrated  cells.    Some  again  lead  to  alteration  in 
the  shape  of  the  cornea,  deepening  of  the  anterior  chamber,  and 
eventually  also  to  changes  in  the  iris,  with  secondary  glaucoma. 
An  indication  of  the  presence  of  such  deeper  comphcations  is 
often  afforded  by  a  marked  intolerance  to  the  nsual  ocal  appli- 
cations.   In  other  cases,  perforation,  foUowed  usually  by  more 
or  less  shrinking  of  the  eye,  may  take  place. 

The  trmhnmt  of  trachomatous  pannus  mamly  consists  m 
treating  the  conjunctival  affection.    The  strumous  form  is  best 
treated,  unless  it  has  gone  on  to  ulceration,  with  Pagenstecher  s 
ointment  and  massage  in  the  shape  of  friction  through  the  hd 
alone  with  suitable  general  treatment.     Very  long-continued 
dense  cases  of  pannus  may  sometimes  be  caused  to  clear  up  by 
inducing  a  purulent  inflammation  of  the  conjunctiva.  ihis 
may  be  done  either  by  inoculating  with  pus  from  a  case  of 
gonorrhcBal  ophthalmia,  or  by  bathing  the  eye  several  times 
with  an  infusion  of  jeqnirity.    Both  methods  are  somewhat 
heroic,  as  they  are  not  without  danger  of  producing  very  severe 
ulceration,  perforation,  and  loss  of  the  whole  coiniea.  The 
iequirity  inflammation  was  supposed,  when  first  employed  some 
years  ago,  to  be  capable  of  being  modified  at  will  by  the  strength 
(,f  the  infusion  or  the  number  of  the  applications.    This  has, 
however,  proved  to  be  impossible,  and  it  is  now  rarely  used. 
As  to  inoculation,  it  seems  hardly  justifiable  to  practise  it,  except 
in  cases  where  the  pannus  exists  in  great  density  m  both  eyes. 
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Many  cases  are  much  benefited  by  the  operation  of  canthoplasty 
for  the  enkrgement  of  the  lid  aperture. 

A  form  of  extremely  chronic  and  densely  vascularised  in- 
filtration, not  unlike  pannus,  is  occasionally  met  with.  The 
infiltration  does  not  stretch  for  more  than  two  to  three  mm. 
into  the  cornea,  and  is  usually  synmietrical.  The  etiology  of 
this  form  of  infiammation  is  not  A^ery  clear.  It  is  most  commonly 
the  upper  margin  of  the  cornea  which  becomes  invaded,  although 
sometimes  the  lower  one  as  well.  A  dense  nebula  is  left,  and 
not  infrequently  a  pretty  regular  astigmatism  due  to  alterations 
in  the  curvature  of  the  cornea.  Cases  which  resist  milder  treat- 
ment are  often  improved  by  peritomy. 

Hypopyon  Keratitis. — A  good  many  deep-seated  abscesses 
of  the  cornea  are  associated  with  hypopyon,  or  a  deposition  of 
pus  in  the  anterior  chamber.  Not  infrequently  this  complica- 
tion is  met  with  in  the  more  severe  cases  of  strumous  corneal 
infiammation,  which  occur  mostly  in  children.  Great  differences 
exist  in  the  density  of  the  hypopyon;  when  very  thick  and 
fibrinous,  it  may  not  fall  down  to  the  bottom  of  the  chamber, 
but  remain  sticking  to  the  anterior  surface  of  the  cornea.  Often, 
when  this  is  the  case,  it  is  somewhat  difficult  to  satisfy  one's- 
self  that  the  pus  really  lies  in  the  chamber  and  not  in  the 
cornea.  The  name  onya:  has  been  applied  to  cases  of  supposed 
bagging  of  pus  within  the  cornea  below  an  abscess.  Such  a 
condition,  though  often  described  and  figured  in  text-books,  has 
uo  real  existence.  The  appearance  which  has  given  rise  to  the 
term  is  always  due  to  a  deposition  of  pus  in  the  anterior 
chamber,  though  from  the  fibrinous  nature  of  the  pus,  it  may 
not  have  fallen  to  the  bottom  of  the  chamber  as  is  most 
common. 

A  very  distinct  clinical  form  of  inflammation  of  the  cornea 
is  what  is  usually  in  this  country  specially  understood  by  the 
term  hypopyon  keratitis,  owing  to  its  always  being  complicated 
with  the  appearance  of  pus  in  the  anterior  chamber.  This 
affection  occurs  as  an  ulcer,  one  part  of  the  irregular  margin  of 
which  is  densely  infiltrated  with  pus.  The  characteristic  feature 
of  the  ulcer  is  that  it  extends  in  the  direction  of  this  infiltrated 
margin,  for  whicli  reason  it  has  received  the  name,  more  expres- 
sive of  its  serpiginous  nature,  of  ulcus  cornecc  serpens  (see  Fig. 
•36).  The  origin  of  this  form  of  keratitis  is  in  almost  all  cases  a 
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trauma,  which  has  been  followed  by  an  inoculation  of  pu  from 
a  previously  existing  dacryocystitis  or  chrome  conjunctmt  ■ 
Those  whose  occupations  cause  their  eyes  to  be  subjected  to 
contmual  irritation,  as  well  as  occasional  injuries,  are  most 
liable  to  contract  this  inflammation.    Stonen.asons  as  we  1  a 
farm  labourers  and  colliers,  are  amongst  the  class  of  people  m 
whl  it  is  mostly  found.    It  has  now  been  definitely  established 
that  the  inflammation  is  of  a  septic  nature,  and  caused  by  the 
presence  of  germs  which  exist  in  the  discharges  from  chronically 
h  flamed  mucous  surfaces.    As  the  ulcer  extends,  more  and  more 
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Fig.  36. — Hypopyon  keratitis. 


pus  becomes  deposited  in  the  anterior  chamber.  Although 
absorption  of  the  pus  no  doubt  constantly  goes  on,  yet,  as  long 
as  there  is  any  active  hiflammation  in  the  cornea,  it  is  more 
rapidly  forme.l  than  absorbed.    Increase  in  the  amount  ot  the 
hypopyon  is  therefore  a  certain  evidence  of  progress  in  the  pro- 
cess of  destruction  in  the  cornea.    As  long  too  as  the  yellow 
marcrin  of  infiltration  exists  in  the  cornea,  we  may  be  sure  that 
extension  is  taking  place.    The  natural  course  of  the  inflamma- 
tion is  for  the  ulceration  to  go  on  spreading,  until  the  whole  ot 
the  cornea  in  the  direction  of  the  creeping  infiltration  has 
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become  involved,  and  as  this  often  takes  place  in  two  or  more 
directions,  seldom  in  all  at  the  same  time,  it  is  not  an  uncommon 
thing  for  the  whole  cornea  to  be  ulcerated. 

The  exact  origin  of  the  pus  in  the  anterior  chamber  is  a  dis- 
puted point,  as  there  is  often  no  apparent  connection  between  it 
and  the  ulcer,  but  there  can  be  no  doubt,  from  the  intimate 
connection  which  exists  between  the  spreading  of  the  ulceration 
and  the  amount  of  the  hypopyon,  that  it  is  derived  directly  from 
the  inflamed  cornea;  and  in  fact,  in  some  cases,  there  is  no 
difficulty,  when  it  is  more  than  usually  fibrinous,  in  seeing  it 
extending  from  the  posterior  surface  of  the  cornea  to  the  bottom 
of  the  chamber,  and  almost,  as  it  were,  trickling  down.  It  is  no 
doubt  carried  along  the  lymph  channels,  which  appear  to  open 
into  the  chamber  towards  the  centre  of  the  posterior  surface  of 
the  cornea.  On  oblique  illumination,  too,  these  channels  can 
frequently  be  seen  to  be  choked,  and  appear  as  fine  radiating 
greyish  strise  surrounding  the  portion  of  cornea  involved.  The 
complications  of  hypopyon  keratitis  are  those  already  described 
as  met  with  in  connection  with  severe  ulceration,  though,  owing 
to  the  greater  tendency  to  superficial  as  compared  with  deep 
spreading,  the  more  serious  compKcations  are  not  very  fre- 
quent. 

The  treatment  should  be  directed  to  first  destroying  the  area 
of  infiltration  and  then  applying  antiseptics.  The  most  con- 
venient, as  well  as  the  most  efficient  way  in  which  the  first 
indication  is  complied  with,  is  to  carefully  burn  down  the  mar- 
ginal infiltration  with  the  actual  cautery,  which  was  first  recom- 
mended for  this  purpose  by  Martinache  of  San  Francisco,  either 
with  the  thermo-  or  gal vano- cautery.  When  such  is  not  at  hand, 
the  ulcer  may  be  scraped  down  and  then  cauterised  by  applying 
a  solution  of  nitrate  of  silver  (10-20  grs.  to  §i.)  directly  to  its 
surface.  Both  these  operations  can  be  performed  pain- 
lessly with  the  aid  of  cocaine.  Subsequently  frequent  bathing 
of  the  eye  with  a  solution  of  corrosive  sublimate  (1  in  5000), 
followed  by  the  smearing  into  the  eye  of  an  ointment  of  one 
part  of  iodoform  to  ten  of  vaseline,  is  very  useful.  If  the  cauter- 
ising be  carefully  performed — that  is,  if  all  the  infiltrated  margins 
be  carefully  burnt  down — it  is  seldom  that  the  process  is  not 
arrested,  although  it  occasionally  lias  to  be  repeated  whenever 
any  little  infiltration  makes  it  appearance.    Those  who  do  not 
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succeed  with  this  treatment  fail  from  not  cauterising  sufficiently 
deeply,  or  from  not  repeating  it  on  the  first  indication  of  any 
spreading  of  the  infiltration.  It  is  rare  that  a  more  severe  but 
very  successful  treatment,  wMch  goes  by  the  name  of  Saemisch  s 
section,  has  to  be  resorted  to.  The  method  of  performing  this 
is  described  in  the  chapter  on  Operations. 

If  the  ulcer  has  been  central,  as  is  often  the  case,  it  is  necessary 
subsequently  to  perform  iridectomy,  so  as  to  displace  the  pupil 
to  opposite  a  clear  portion  of  the  cornea.  In  most  cases  it  is 
advisable  at  the  same  time  to  treat  the  tear-sac  m  the  manner 
already  described.  Owing  to  the  tendency  to  iritis,  it  is  well  to 
keep  the  pupil  dilated,  until  the  healing  process  has  advanced 
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Fig.  37. — Dendriform  keratitis. 

to  such  a  stage  that  there  is  no  further  danger  of  such  a  com- 

^^'""dendeifoem  (Mycotic)  KEEATiTis.-Another  form  of  kera- 
titis, which  there  is  every  reason  to  look  upon  as  bemg  also 
caused  by  some  particular  microbe,  has  only  lately  received 
attention  since  it  was  described  by  Hansen  Grut.  The  charac- 
teristic of  this  infiammation  is  a  great  tendency  to  a  kind  ot 
ramifying  superficial  extension  (see  Eig.  37).  It  is  a  very  chronic 
affection,  and  the  amount  of  infiltration  surrounding  the  ulcer- 
ated rills  which  it  forms  is  so  slight  as  to  render  the  pecuharity 
of  its  propagation  liable  to  escape  detection,  unless  a  proper 
examination  be  made  by  oblique  illumination.    The  pain  caused 
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by  this  iiitlanimation  is  slio-lit,  though  sufficient  to  give  rise  to 
some  discomfort  and  photophobia. 

When  uncomplicated  this  form  of  keratitis  is  always  super- 
ficial and  not  accompanied  by  hypopyon.  In  not  a  few  cases, 
however,  which  begin  in  this  way,  and  no  doubt  as  the  I'esult  of 
inoculation  with  more  active  micro-organisms,  a  serpiginous 
hypopyon  ulcer  may  make  its  appearance.  The  cause  is  not 
known.  It  is  a  tolerably  rare  affection  met  with  in  both  sexes, 
and  for  which  the  name  dendriform  superficial  keratitis  seems 
the  most  appropriate.  The  nebulous  opacities,  which  remain  for 
some  time  after  recovery  has  taken  place,  have  the  character- 
istic ramifying  appearance. 

The  treatment  I  have  found  most  eilicacious  is  to  scrape  the 
iilcerated  rills  with  a  small  spud,  such  as  is  used  for  removing 
foreign  bodies  from  the  cornea,  and  afterwards  apply  a  strong 
solution  (1  in  1000)  of  corrosive  sublimate  directly  to  the 
cornea  with  a  camel's  hair  brush,  giving  at  the  same  time  the 
iodoform  ointment  for  frequent  use.  Latterly,  I  have  used 
pyoctanin,  which,  though  altogether  useless  in  deeper  corneal 
ulcerations,  appears  to  be  even  more  suitable  than  stronger 
antiseptics  in  dendritic  keratitis.  Chlorine  water  is  also  useful 
when  freshly  prepared. 

ScLEROTisiNG  KERATITIS. — Certain  forms  of  marginal  in- 
filtrations, which  extend  into  the  cornea  from  the  sclera,  have 
the  tendency  to  leave  a  dense  white  porcellaneous  opacity  in 
the  cornea,  which  thus  comes  to  resemble  very  closely  the 
sclera  in  appearance.  The  margin  of  the  cornea  then  looks  as 
if  it  had  been  encroached  upon  by  the  sclera,  and  the  name 
sderotising  keratitis  very  aptly  describes  tlie  affection,  so  far  as 
the  inflammatory  change  in  the  cornea  is  C(jncerned.  The 
treatment  is  the  same  as  for  scleritis,  as  which  it  always 
originates.  N'othing  can  be  done  for  the  clearing  up  of  the 
dense  opacity. 

Clear  Corneal  Ulcei{S. — A  clear  form  of  ulceration  of  the 
cornea — that  is  to  say,  one  in  wliich  neither  the  base  nor  the 
margins  of  the  ulcer  exhibit  any  infiltration — occurs  almost 
exclusively  in  old  enfeebled  individuals,  and  is  accompanied 
by  little  or  no  pericorneal  injection,  and  often  by  few,  if  any, 
subjective  symptoms  at  all,  beyond  more  or  less  interference 
with  vision  according  to  its  site.    The  infiltration  stage  of  this 
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type  of  ulcer  is  rapid,  and  therefore  rarely  observed ;  the  healing 
stale  is,  on  the  other  hand,  very  chronic.  It  is  his  circuni- 
buciotr  i»,  _  ^^^^  .^.Amp  rl ear  ulcer    The  treatment 

stance  which  gives  rise  to  the  name  cLea')  mcei.^  x 
most  likely  to  stimulate  these  ulcers  to  heal  is  the  use  of  hot 
fomentations  and  eserine. 

Maeginal  King-shaped  Ulcek.-A  long,  narrow,  ulcerated 
rill  sometimes  forms  on  the  margin  of  the  cornea,  and  extend 
in  a  ring-shaped  manner  round  it.    Wlien  occurring  m  children 
it  is  ahvays  caused  by  the  confluence  of  a  number  o  separate 
foci  of  inflammation.    Such  an  origin,  though  probable,  cannot 
always  be  demonstrated  in  the  case  of  the  less  distmctly 
felons  form  which  is  met  with  in  adults.    The  infiltration 
is  seldom  great,  but  tliis  form  of  ulceration  is  accompanied  b)^ 
a  good  deal  of  circmncorneal  injection  and  other  symptoms  o 
irritation.    By  extending  completely  round,  the  clear  centi^l 
portion  of  the  cornea  may  be  deprived  of  its  source  of  nourisli- 
ment  to  such  an  extent  as  to  necrose.    In  severe  cases,  winch 
are  fortunately  rare,  complete  loss  of  the  cornea  may  be  caused 
by  this  form  of  ulceration.    The  etiology  is  not  always  clear, 
but  it  often  comes  on  in  connection  with  catarrhal  conjunctivitis 
The  treatwe^it  should  be  directed  towards  preventing  the  spread 
of  the  ulcer.    This  is  best  done  by  paracentesis,  which  may  be 
frequently  repeated  if  necessary.    Eserine  and  corrosive  subli- 
mate lotions  are  also  useful.     Occasionally  it  may  be  found 
advisable  to  use  the  actual  cautery,  followed  by  iodoform 

ointment.  „       •  ^• 

Vesicular  Keratitis.— A  number  of  varieties,  more  m 
less  distinct  in  their  clinical  aspects,  occur,  m  which  tlie 
surface  of  the  cornea  is  raised  up  into  vesicles,  which  may 
be  small  or  large,  and  single  or  multiple.  Sometimes,  when 
small  and  multiple,  the  condition  may  be  looked  upon  as  a  true 
herpes  of  the  cornea.  This  form  accompanies  or  follows  a 
bronchitis  or  pneumonia,  and  there  is,  according  to  Horner 
who  has  most  accurately  described  it,  a  degree  of  anaesthesia  ot 
the  cornea  as  well  as  diminution  of  intraocular  tension  at  the 


same  time.  •    4.1  +  f 

One  of  the  most  interesting  and  distinct  forms  is  that  to 
which  Hansen  Grut  has  drawn  attention-a  recurrent  hullous 
keratitis.  This  form  only  comes  on  after  a  superficial  wound  ot 
considerable' extent,  and  presents  itself  as  a  clear  bulla,  which 
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cannot  properly  be  seen  except  by  oblique  illumination,  and 
which  may  occupy  from  one-eighth  to  one-half  of  the  superficial 
extent  of  the  cornea.  The  number  of  times  that  this  condition 
may  recur  after  a  trauma,  as  well  as  the  length  of  the  interval 
between  each  attack,  is  subject  to  considerable  difference.  It  is 
not  uncommon  to  hud  a  recurrence  take  place  from  three  to 
six  times  a  year  for  several  years.  The  attacks  invariably 
come  on  in  the  morning  on  waking,  with  circumcorneal  injection, 
considerable,  often  intense,  pain,  and  the  sensation  as  if  there 
were  a  foreign  body  in  the  eye.  Under  these  circumstances, 
and  with  a  previous  history  of  an  external  abrasion  of  the 
cornea,  followed  by  the  same  kind  of  pain,  there  is  always  to 
be  found  a  corneal  bulla.  Sometimes,  indeed,  this  cannot  be 
seen  without  pressing  the  lid  against  the  cornea,  the  epithelium 
of  which  is  then  thrown  into  a  fold,  or  by  catching  hold  of  the 
anterior  epithelial  surface  of  the  separated  layer  with  an  iris 
forceps,  when  it  readily  comes  away.  Only  very  rarely  is  the 
fluid  contained  in  the  bulla  other  than  completely  transparent. 
"Wlien  yellowish  or  purulent  some  opacity  is  left,  otherwise 
complete  restitution  takes  place,  so  that  the  cornea  becomes  to 
all  appearance  absolutely  healthy.  A  large  superficial  abrasion 
is  very  frequently  followed  by  this  form  of  inflammation,  and, 
on  the  other  hand,  its  occurrence  at  once  leads  one  to  the 
diagnosis,  before  the  history  of  the  original  injury  has  been 
eUcited.  This,  too,  on  account  of  the  severity  of  the  injury, 
there  is  very  rarely  any  difficulty  in  obtaining.  A  cure  takes 
place  generally  in  from  three  to  five  days,  except  in  the  cases 
where  the  fluid  of  the  bulla  is  discoloured.  One  of  the  most 
common  causes  of  this  affection  is  a  scrape  from  a  cliild's  nail, 
and  probably  on  this  account,  more  than  on  any  other,  it  is 
more  frequently  met  with  in  women  than  in  men.  Other 
injuries,  such  as  blows  from  branches  or  the  end  of  an  umbrella, 
nf)t  infrequently  also,  by  causing  a  similar  injury,  set  up  the 
same  train  of  symptoms.  The  cause  of  the  tendency  to  recur- 
rence appears  to  be  imperfect  healing.  The  epithelium  which 
replaces  that  removed  at  the  time  of  the  accident  is  more  liable 
to  injury,  so  that  after  a  time  the  slightest  rub,  which  may  take 
place  during  sleep,  will  cause  it  to  be  detached  in  the  shape  of 
a  bulla.  The  treatment  consists  in  removing  the  detached 
epithelium  with  a  pair  of  iris  forceps,  and  applying  cocaine 
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freciuently  to  allay  the  pain,  using  at  the  same  time  ^^^^f^ 
weak  antiseptic  lotion  for  bathing  the  eyes.  There  appears  to 
be  no  way  in  which  the  recurrence  can  be  If  .^^'e^;^^^. 

Another  bullous  form  of  keratitis,  m  winch  the  bulla  is  not 
pellucid,  occurs  in  cases  of  chronic  inflammation  of  the  eye 
where  there  is  or  has  been  increase  of  intraocular  tensiom  It 
is  most  frequently  met  with  in  old  cases  of  g^— ^^^^ 
choroiditis,  where  the  disease  has  led  to  complete,  or  a  mos 
complete,  blindness.     The  bulla  in  these  cases  is  ^^^e  ^o  an 
oedema  of  the  cornea,  which  has  led  to 

fibrinous  false   membrane   between  the  eP^l^^^l^^Vf ^ 
Bowman's  membrane :  it  is  this  membrane,  m  ^'fl^'^^^^l 
epithelial  cells,  which  forms  the  anterior  wall  of  the  vesic  e 
No  treatment  is  called  for  in  such  cases,  which  are  more  of  the 
nature  of  degenerative  changes  than  of  inflammation 

Tubercular  Keratitis.-A  rare  disease  of  the  cornea, 
which  appears  to  be  tubercular,  consists  in  a  dense  infiltration, 
associated  at  the  same  time  with  the  formation  of  a  cheesj- 
looking  mass  in  the  anterior ,  chamber.  In  most  of  the  cases  i 
have  seen  this  infiltration  has  begun  at  the  lower  part  of  the 
cornea.  No  treatment  is  of  any  avail,  and  the  eye  is  eventually 
lost  by  passing  into  a  state  of  phthisis. 

Secondary  Keratitis. 

One  form  of  secondary  infiltration  of  the  cornea  is  of  very 
common  occurrence,  and  is  usually  known  as  diffuse  mtershhal 
or  parcncJu/matous  IcrcdUis.    It  never  leads  to  any  destruction 
of  the  corneal  tissue.    This  disease  produces  a  very  characteristic 
.  appearance.    It  begins  as  a  diffuse  greyish  and  tolerably  deep- 
seated  opacity,  which  either  stretches  in  from  some  portion  of 
the  periphery  of  the  cornea,  or,  less  frequently,  first  becomes 
evident  in  some  more  central  portiom     The  whole  cornea 
becomes  pretty  uniformly  infiltrated,  and  at  the  same  time 
a  very  definite  stippling  of  the  epithelial  surface  makes  its 
appearance.    Not  infrequently  different  portions  of  the  cornea 
are  more  densely  infiltrated  than  others,  or  there  may  even  be 
a  very  distinct  punctiform  arrangement  of  the  infiltration,  but 
there  is  never  any  prominence  at  such  points  as  is  seen  m 
cases  of  primary  infiltration.    According  to  the  density  of  the 
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iiitiltrtition,  the  colour  whicli  it  assumes  is  either  white,  grey, 
or  yellow.  When  very  dense  it  would  be  impossible,  indeed, 
from  the  colour  alone  to  say  that  no  abscess  was  present.  The 
degree  of  irritation  is  very  variable,  both  in  different  cases  as 
well  as  at  different  stages  in  the  same  case.  There  is  usually, 
at  some  time  or  other,  not  a  little  circumcorneal  injection,  with 
photophobia  and  lachrymation,  and  often  a  more  or  less  dense 
formation  of  new  vessels  in  the  cornea,  giving  rise  to  the 
appearance  called  the  "  salmon-coloured  patch."  This  is  well 
seen  in  Fig.  38.  These  vessels  spring  from  the  deep  episcleral 
network  which  exists  around  the  cornea,  and  therefore  from 


Fig.  -38. — Vascularised  interstitial  keratitis. 

branches  of  the  anterior  ciliary  arteries.  They  can  thus  readily 
be  distinguished  from  the  newly-formed  vessels  of  a  pannus, 
which  spring  from  superficial  conjunctival  trunks.  As  the 
opacity  clears  away,  the  new  vessels,  as  well  as  the  other 
symptoms  of  inflammation,  gradually  disappear.  As  a  rule,  the 
central  portions  of  the  cornea  are  the  last  to  clear  up.  Both 
eyes  are  usually  attacked  by  this  inflammation,  though  rarely 
exactly  at  the  same  time ;  more  commonly  the  disease  is  pretty 
far  advanced  in  one  eye  before  the  symptoms  make  their 
ap])earance  in  the  other. 

Interstitial  keratitis  always  lasts  a  long  time — three  to  ten 
months  as  a  rule.    In  some  cases  the  duration  is  much  longer. 
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There  is  a  great   tendency  for  the  iris  to  become  inflamed 
a!  the  Le  time,  and  there  are  also  o^-vable  .n  ^^^^^^^ 
changes  in  intraocular  tension-at  first  generally  a  jcrea^; 
but  Afterwards,  and  continuing  far  longer  a  cWut  n^  w^^^^^^^^ 
is  sometimes  very  considerable  indeed.     These  — ^^^^J; 
taken  in  connection  with   the  absex.ce  o  f 
characterises  interstitial  keratitis,  sufficiently  ^^^^^ ^^'J^^ 
disease  is  in  reality  not  a  true  intlaimnation  of  the  coi^^^^^^ 
itself  but  merely  an  extension  to  it  of  inflammatory  products 
derLl  from  a  focus  of  inflammation  in  the  anterior  portion 
of  the  uveal  tract.    They  therefore  justify  the  term  secondary 
keratitis    The  recognition  of  the  secondary  type,  too,  is  ot  the 
utmost  importance  from  a  prognostic  point  of  view. 

The  aie  at  which  the  disease  most  frequently  shows  itself 
is  from  seven  to  tweiity-one-mostly,  perhaps,  about  puberty 
Individuals  who  are  of  dehcate  constitution  from  any  cause  aie 
subject  to  it.    The  most  frequent  predisposing  cause  appears  to 


Yig.  39.— Hutchinson's  Teeth. 

be  inlierited  syphilis,  as  it  is  often  met  with  in  indi^dduals  in 
whom  there  exist  other  manifestations  of  this  chsease,  such  as 
scars  round  the  mouth,  prominent  frontal  eminences,  &c. 

A  very  common  condition,  too,  in  the  subjects  of  second- 
ary interstitial  keratitis,  is  a  peculiar  state  of  the  mcisor 
teeth,  to  which  attention  was   first  called   by  Hutchinson, 
by  whom  it  is  also  considered  a  manifestation  o  inherited 
syphilis.     The  cutting  edge  of  the  tooth,  instead  of  being 
straight,  is  arched  or  notched  in  a  more  or  less  semicircular 
form,  the  sides  being  longer  than  the  centre  (see  Fig.  3 J). 
Sometimes  the  form  has  not  become  definitely  established  at 
the  time  of  e.xamination,  but  there  is  often  to  be  seen  an  mdica- 
tion  that  the  cutting  edge  of  the  incisors  is  thinner  than  in  the 
normal  condition,  and  at  the  same  time  devoid  of  enamel,    it  is 
the  wearing  away  of  tiiis  portion  which  gives  rise  eventually  to 
the  characteristic  notch. 

Another  complication  is  deafness,  which  appears  m  part  due 
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to  a  similar  interstitial  inflammation  of  the  tympanic  mem- 
brane, and  in  part  to  a  periostitis  within  the  channel  for  the 
auditory  nerve,  wMch  probably  causes  the  nerve  to  become 
involved  in  the  inflammation. 

In  severe  cases  more  diffuse  choroiditis,  as  well  as  staphylo- 
matous  profusions  of  the  anterior  part  of  the  choroid  and  the 
ciliary  region  of  the  eye,  occur.  The  cases  in  which  other 
manifestations  of  syphilis  are  evident  appear  to  be  those  most 
frequently  complicated  by  more  deep-seated  inflammations  than 
such  as  give  rise  to  the  corneal  opacity;  cases,  in  short,  in 
which,  on  that  account,  the  prognosis  is  least  favourable. 

When  the  corneal  opacity  is  very  dense,  so  that  little 
more  than  the  movements  of  the  hands  can  be  made  out,  on 
account  of  the  optical  interference  produced  by  that  opacity 
alone,  it  may  sometimes  not  be  very  easy  to  ascertain  whether 
or  not  any  serious  complication  exists.  As  a  general  rule, 
it  is  not  difficult,  after  a  httle  practice,  to  satisfy  one's-self 
as  to  whether  the  visual  acuity  answers  to  the  opacity  or  not. 
Even  the  very  densest  corneal  infiltration  produced  by  this 
disease  should  permit  of  the  movements  of  the  hand  being  seen 
close  to  the  eye,  so  that  if  vision  is  further  reduced,  to,  for 
instance,  mere  perception  of  light,  there  is  certainly  some  com- 
plication present.  In  uncomplicated  cases,  too,  the  field  of  vision 
is  of  course  of  normal  extent. 

In  a  large  majority  of  cases  of  interstitial  keratitis  the 
opacity  eventually  clears  up  entirely,  or  leaves  but  the  faintest 
trace,  discernible  only  on  oblique  illumination.  The  prognosis 
depends  in  fact  on  the  severity  of  the  primary  affection. 
When  the  iritis  is  slight,  and  no  choroiditis  or  staphylomatous 
protrusions  make  their  appearance,  it  is  good,  even  though  the 
opacity  should  be  at  one  time  extremely  dense.  Occasionally 
cases  beginning  as  interstitial  keratitis  go  on  slowly  to  shrink- 
ing of  the  eye.  Sometunes  two  or  more  attacks  may  occur  in 
the  same  individual  at  considerable  intervals  of  time. 

The  disease  runs  a  definite  course,  and  it  is  very  doubtful, 
just  as  in  the  case  of  other  deeper  uveal  affections,  in  how 
far  any  treatment  is  of  any  avail.  The  eyes  should  certainly 
be  protected  from  strong  hght,  and  the  patient  not  allowed  to 
read.  AVlien  there  is  much  circumcorneal  injection  the  pupil 
should  be  kept  dilated  with  atropine,  so  as  to  avoid  the  worst 
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consequences  of  a  complication  with  iritis.    Attention  to  the 
skin  and  to  the  health  generally,  moderate  exercise  and  the  use 
of  syrup  of  the  iodide  of  iron  internally,  either  alone  or  com- 
bined with  a  little  iodide  of  potassium,  are  indicated.    In  tlie 
distinctly  syphilitic  cases  mercurial  preparations  may  be  tried. 
When  cihary  staphylomata  develop,  it  is  advisable  to  try  eserine, 
which  appears  to  have  some  influence  in  preventmg  their  ex- 
tension   All  surgical  interference,  even  such  a  simple  measure 
as  paracentesis,  should  be  avoided,  except  in  cases  where  there 
is  a  marked  shallowing  of  the  anterior  chamber.     In  these 
iridectomy  should  be  performed  as  soon  as  possible. 

Other  less  characteristic  and  altogether  much  less  frequent 
forms  -of  secondary  keratitis  are  met  with,  in  connection  usually 
with  old-standing  cases  of  choroiditis  and  irido-choroiditis.  in 
these  the  prognosis  is  relatively  much  worse  than  in  what  is 
usually  known  as  interstitial  keratitis,  owing  no  doubt  to  there 
being  less  tendency  towards  the  heahng  of  the  prunary  process 
on  which  they  depend. 

Occasionally  a  peculiar  form  of  disease  is  met  mth,  which  at 
first  looks  very  like  a  secondary  interstitial  keratitis,  but  which 
afterwards  becomes  associated  with  a  tubercular-lookmg  deposit 
in  the  anterior  chamber  and  iris,  as  well  as  a  deiise  wliitish 
opacity  in  the  corresponding  portion  of  the  cornea.  The  aiiection 
is  extremely  chronic,  and  appears  to  be  of  a  tubercular  nature, 
and  alUed  to,  though  by  no  means  the  same  affection  as,  granuloma 
of  the  iris.    I  have  usually  seen  it  in  young  adults. 

Neuro-Paralytic  Keratitis. -Wlien  the  iifth  nerve  is 
paralysed  there  is  a  tendency  for  the  cornea  to  become  inflamed. 
Different  forms  of  inflammation  may  occur  under  such  circum- 
stances, which  all,  however,  exhibit,  besides  the  accompaiiymg 
anaesthesia,  a  marked  slowness  in  healing,  if  indeed  they  do  not 
lead  to  the  total  destruction  of  the  cornea. 

This  form  of  keratitis  has  been  often  produced  experi- 
mentally in  animals,  and  various  views  as  to  its  etiology  have 
been  from  time  to  time  put  forward.  It  has  been  looked  upon 
as  due  entirely  to  interference  with  the  trophic  supply  to  the 
cornea.  This  view  was  originated  by  Majeiidie,  and  was  that 
lield  by  von  Graefe.  Many  subsequent  experimenters  believed 
the  keratitis  to  be  always  started  by  injury,  but  admitted  that 
the  power  of  resisting  such  injuries  was  reduced  by  the  tri- 
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gemiuiis  lesion.  Otliers  again,  and  notably  Snellen,  have 
denied  that  the  inflammation  has  anything  to  do  with  a  sever- 
ance of  trophic  supply.  It  is  indeed  most  probable  that  the 
main  cause  of  so-called  neuro-paralytic  keratitis  is  the  greater 
liability  of  the  cornea  to  traumata,  and  to  small  abrasions  from 
the  more  rapid  evaporation  and  insensibility  which  paralysis  of 
the  fifth  produces.  The  latest  experiments,  such  as  those  of 
von  Gudden,  Bockmann,  and  von  Hippel,  have  pretty  clearly 
shown  that  the  trophic  hypotheses  are  untenable.  Possibly,  as 
has  been  suggested  by  Eberth,  the  keratitis  which,  in  common 
with  other  experimenters,  he  found  to  arise  so  readily  in  animals 
in  which  the  fifth  nerve  has  been  divided,  is  in  reality  a  mycotic 
one. 

The  prognosis  in  all  cases  of  neuro-paralytic  keratitis  is 
necessarily  bad. 

The  treatment  consists  in  as  far  as  possible  protecting  the  eye 
from  external  influences,  by  keeping  it  tied  up,  and  frequently 
applying  antiseptic  lotions.  The  corneal  changes  wliich  are  met 
with  in  herpes  zoster  frontahs  may  be  looked  u]Don  as  neuro- 
paTalytic  in  their  nature.  In  some  cases  a  number  of  small  her- 
petic blebs  form  on  the  cornea,  very  similar  to  those  met  with 
on  the  skin.  These  burst  and  leave  infiltrated  margins,  and 
eventually  more  or  less  opacity.  In  other  cases  the  first  appear- 
ance in  the  cornea  is  of  one  or  more  infiltrations  or  ulcerations. 
The  affected  portions  of  the  cornea  are  generally  anaesthetic,  and 
often  remain  so,  long  after  healing  has  taken  place.  A  corneal 
complication  appears  to  be  met  with  in  about  one-fourth  of  all 
the  cases  of  herpes  zoster  frontalis.  According  to  Hutchinson, 
the  cornea  is  only  affected  when  an  eruption  at  the  side  of  the 
nose  indicates  a  participation  of  the  naso-ciliary  branch  in  the 
affection.  This  connection  is  certainly  frequent,  and  in  my 
own  experience  it  has  been  invariable ;  but  cases  are  on  record 
where  the  cornea  has  been  affected  without  the  skin  of  the  nose 
being  implicated,  while  at  the  same  time  the  skin  of  the  nose 
has  been  found  to  be  affected  and  not  the  cornea.  Great  pain 
usually  accompanies,  as  well  as  sometimes  precedes  and  follows, 
the  herpetic  inflammation  on  the  cornea,  just  as  is  the  case  with 
similar  manifestations  elsewhere.  No  very  efficacious  treatment  is 
known  for  this  affection.  Sometimes  the  pain  is  relieved  by  tying 
up  the  eyes,  in  other  cases  nothing  except  morphia  gives  relief. 
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Non-Inflammatory  and  Degenerative  Changes 
IN  THE  Cornea. 

Transverse  calcareous  film.-A  very  curious  foi^m  of  corneal 
opacity  is  met  with,  mostly  in  eyes  which  are  at  the  same  time 
the  site  of  some  old-standing  inflammatory  changes,  such  as 
chronic  iritis  with  occlusion  of  the  pupil,  and  it  may  he,  with 
calcareous  degeneration  of  a  cataractous  lens  This  consists  o 
a  transverse  film  running  across  the  cornea  always  at  that  part 
which  corresponds  to  the  half -closed  lids.    It  generally  begms 
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I'ig.  40.-Tr.ansverse  calcareous  film  of  cornea  (in  a  shrunken  eye). 

at  the  corneal  margins,  and-  spreads  from  both  sides  towards 
the  centre  The  breadth  of  the  band  is  tolerably  uniform 
throughout,  being  in  different  cases  from  about  to  i  mch. 
The  opacity  is  finely  punctiform,  and  varies  in  colour  from  a 
grey  to  a  pretty  pronounced  yellowish-brown.  Examined  with 
a  magnifying-glass,  it  is  found  to  be  composed  of  a  number  of 
granules,  which  are  very  regularly  distributed  and  of  much  the 
same  size  throughout.  Its  edges  are  very  sharply  defined,  and 
do  not  anywhere  merge  into  the  healthy  cornea.  It  is  often 
least  dense  at  the  centre  of  the  cornea  over  the  pupil,  but 
altocrether  much  more  intransparent  than  its  appearance  at  any 
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distance  would  lead  one  to  suppose,  owing  probably  to  the 
calcareous  degeneration  which  takes  place  in  the  deposited 
matter.  There  is  rarely  any  disturbance  of  epithelium  above 
the  opacity. 

This  form  of  opacity  almost  invariably  occurs  in  both  eyes, 
though  it  may  exist  to  a  much  more  marked  extent  in  the  one 
than  the  other  at  the  time  of  examination.  It  is  met  with  at 
all  ages  and  in  both  sexes,  though  more  frequently  in  men.  The 
opacity  forms  very  slowly,  and  then  remains  for  an  indefinite 
time  stationary.  The  surrounding  cornea  is  as  a  rule  perfectly 
healthy,  but  .there  is  a  variety  of  the  same  affection  which  makes 
its  appearance  in  old-standing  leucomata.  From  the  fact  that 
some  form  of  uveitis  is  almost  always  found  to  be  associated 
with  it,  it  seems  probable  that,  even  when  the  disease  is  appar- 
ently primarily  a  corneal  one,  there  is  nevertheless  some  deep- 
seated  affection,  which,  though  it  may  escape  observation  at  the 
time,  afterwards  develops  into  something  more  manifest. 

Glaucoma  is  often  met  with,  sooner  or  later,  in  connection 
with  these  calcareous  films  in  the  cornea,  and  for  this  reason  it 
seems  advisable,  as  was  recommended  by  von  Graef e,  to  perform 
iridectomy  early.  Any  other  treatment,  such  as  scraping  away 
the  film  or  removing  it  by  means  of  very  dilute  nitric  acid,  as 
has  been  proposed  by  ISTettleship,  is  of  very  little  permanent  use, 
as  it  again  develops. 

Cases  which  have  been  examined  microscopically  have  all  been 
found  to  be  caused  by  a  formation  of  chalky  matter  in  Bowman's 
membrane  and  the  immediately  subjacent  parts  of  the  cornea. 
How  the  chalk  comes  to  be  deposited  there,  and  why  it  should 
just  occupy  that  portion  of  the  cornea  which  is  most  uncovered 
by  the  lids,  has  not  yet  been  explained.  The  disease  seems 
first  to  have  been  described  by  Dixon,  but  did  not  attract  much 
attention  until  long  afterwards,  when  von  Graef e  pointed  out  its 
connection  with  glaucoma,  a  connection  which,  however,  does 
not  appear  to  be  as  constant  as  von  Graefe  believed. 

Arcus  Senilis. — This  is  a  whitish  and  generally  completely 
circular  opacity,  which  extends  round  the  margin  of  the  cornea 
in  old  people.  It  begins  at  the  upper  and  lower  margins  of  the 
cornea,  and  varies  considerably  in  thickness  in  different  indivi- 
duals as  well  as  often  at  different  parts  of  the  cornea.  Very 
fjften  the  arcus  is  separated  from  the  scleral  margin  by  a  clear 
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or  less  opaque  strip  of  cornea.  The  appearance  is  due  to  fatty 
or  less  opaquB      i  Wounds  through  this  area  ot 

degeneration  of  corneal  cells.  VYountib  buiu  g 
deo-eneration  heal  much  as  in  the  normal  cornea. 

roNi^^^^^  C0ENEA.-0wing  to  a  thinning  of  the  central  portion 
of  thTcreaTchange  of  its^curvature  may  take 
the  normal  ellipsoidal  form  becomes  converted  into  one  moie 
resembhno-  a  hyperboloid  of  revolution.    The  curvature  of  the 
ce^tri  por^^^  greater,  that  of  the  peripheral  portion 

et  than  normal  (see  Eig.  41).    Tins  gives  rise  to 
a  degree  of  irregular  astigmatism  with  polyopia,  ^^^^  ^  f 
pronounced  cases,  to  some  diminution  in        ^^1^  ^V^^ 
The  apex  of  the  conical  cornea  always  lies  slightly  below  the 
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Tig.  41. — Conical  cornea. 


centre  and  is  often  more  or  less  opaqne.   It  may  be  so  tlun  that 
t  :  "be  seen  with  the  ophthalmoscope  to  pulsate  ^ynd^--^' 
with  the  pulse.    This  phenomenon  was  first  "teemed  by  J^^^^^^ 
has  lately  been  confirmed  and  demonstrated  by  Cnillstiano. 
S"c:nS  is  almost  invariably  W|at-al  tbon|.  freqn^ 
not  developed  to  the  same  extent  ni  both  eyes.    The  patlioio  y 
Tni  p  operly  understood.    It  is  not  known  what  causes  the 
1  nin  and  want  ot  resisUmce  in  the  cornea.   It  appears  to  b 
eqZy  frequent  in  women  and  men ;  according  to  some,  w„n«n 
Srmore  subject  to  it.    The  conical  bulpng  begms  generallj 
a  erpuberty  iu  the  early  years  of  adult  Hfe.    It  .s  not  m,pro- 
baMe\hat  the  degenerative  change  in  the  -uea  may  go  ™^^ 
some  time  before  the  bulging  begins.  There  is  a  decided  tendencj 
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foi'  the  condition  to  remain  stationary  after  having  progressed 
for  some  time.  I  have  seen  several  cases  where  the  condition 
has  lasted  for  upwards  of  thirty  years  without  destroying  sight, 
or  indeed  rendering  reading  altogether  impossible.  Not  infre- 
([uently  however  the  protrusion  gradually  increases  more  and 
more,  and  is  associated  with  more  and  more  opacity. 

The  diagnosis  of  conical  cornea  is  made  without  difficulty 
by  mere  inspection  when  the  protrusion  is  pronounced.  The 
conical  shape  can  be  readily  seen  by  looking  at  the  cornea  from 
the  side.  When  slight,  or  only  beginning,  it  is  diagnosed  by 
means  of  the  ophthalmoscope  or  Placido's  disc.  With  the 
ophthalmoscope  a  peculiar  circular-shaped  shadow  is  thrown  on 
the  fundus,  which  alters  its  position  with  the  movement  of  the 
mirror.  It  corresponds  to  a  zone  through  which  fewer  rays 
pass  to  the  observer's  eye,  owing  to  the  rays  on  one  side  of  the 
zone  being  convergent  and  on  the  other  divergent  as  they 
emerge  from  the  eye.  With  Placido's  disc  the  great  diminution 
in  the  size  of  the  image  of  the  rings  on  the  apex,  and  their 
elliptical  or  hyperbolic  distortion  in  the  vicinity  of  the  apex,  is 
very  characteristic. 

Treatment. — Conical  cornea  admits  generally  of  some,  though 
rarely  of  very  complete,  optical  correction.  The  higher  numbers 
of  negative  spherical  and  cylindrical  lenses,  either  separately  or 
combined,  are  those  which  are  most  likely  to  prove  of  service. 
Sometimes  a  stenopaic  aperture  or  slit  may  be  added  with 
advantage.  With  Piaehlmann's  hyperbolic  lenses,  manufactured 
in  Piathenow,  a  much  greater  improvement  can  occasionally  be 
got  than  by  any  other  optical  means.  They  may,  too,  be  com- 
bined with  convex  spherical  glasses.  The  disadvantage  of  the 
hyperbolic  lenses  is  that  they  only  correct  when  their  apices 
coincide  with  those  of  the  corneal  cones,  which  is  only  the  case 
for  one  position  of  the  eye.  Their  use  as  spectacles,  at  any  rate, 
must  therefore  be  limited.  In  many  cases  the  possible  optical 
correction  is  so  small  that  some  operation  is  indicated.  An 
f)peration  may  in  any  case  be  attempted  when  there  is  opacity 
of  the  apex  of  the  cornea.  All  operations  which  have  been 
devised  for  conical  cornea  are  more  or  less  doubtful  in  their 
results.  That  most  likely  to  prove  of  benefit  is  the  removal  of 
an  elliptical  portion  from  the  apex,  or  from  near  the  apex  of 
the  cone.  Trephining,  as  recommended  by  Bowman,  is  un- 
10 
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doubtedlY  of  use  sometimes.  The  same  may  he  said  of  von 
Graefe's  treatment,-cauterising  of  the  apex,  and  subsequent 
iridectomy.  Displacement  of  the  pupil  without  iridectomy 
(iridesis)  has  also  been  tried.  It  must  be  remembered  tliat 
such  operations  are  not  altogether  free  from  danger.  _  Suppura- 
tion of  the  cornea,  followed  it  may  be  by  suppuration  of  the 
whole  eye— panophthalmitis— is  occasionally  set  up. 

Another  form  of  misshapen  cornea  is  what  is  called  kerato- 
glohus.  In  this  condition,  which  is  not  nearly  so  common  as 
conical  cornea,  and  probably  always  congenital,  there  is  a  more 
general  thinning,  and  consequently  a  more  globular  distension, 
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Fis.  42. — Dennoid  cyst  of  cornea. 

of  the  cornea.  Examined  with  a  Placido's  keratoscope,  there  is 
little  or  no  distortion  of  the'  circular  rings.  The  cornea  is  some- 
times so  thin,  that  when  paracentesis  is  performed  it  falls  m, 
crumpled  up  like  paper.  In  the  higher  degrees  the  condition 
has  often  existed  for  a  long  time ;  the  cornea  may  become  some- 
what opaque  all  over,  and  the  disease  is  liable  sooner  or  later  to 
lead  to  secondary  glaucoma.  No  treatment  is  likely  to  be  of 
much  avail.  Iridectomy  has  been  found  to  be  dangerous,  as 
liable  to  lead  to  loss  of  vitreous  and  purulent  cyclitis.  It  should 
therefore  be  deferred  until  glaucomatous  symptoms  have  made 

their  appearance. 

Tumours  of  the  ComEA.— Dermoid  Cyst— This  may  be 
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found  as  a  congenital  growth  at  any  part  of  the  margin  of  the 
cornea.  It  seems  usually  to  remain  of  much  the  same  size 
during  life,  though  occasionally  found  to  increase  after  birth. 
The  cyst  is  firmly  attached  to  the  cornea  by  half,  or  rather  more 
than  half,  of  its  base,  the  other  portion  being  attached  to  the 
episcleral  connective  tissue.  A  dermoid  cyst  of  the  cornea, 
owing  to  its  position  and  size,  seldom  interferes  with  vision, 
but  may  require  removal  on  account  of  producing  more  or  less, 
conjunctival  irritation,  or  on  account  of  its  unsightly  appearance. 
Fil)roma  of  the  Comm. — This  is  an  exceedingly  rare  affection. 
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Fig.  43. — Fibroma  of  cornea. 

It  occurs  as  a  flat  growth. of  densely  white  appearance,  involving 
the  superficial  portion  of  the  cornea,  over  the  whole  of  which  it 
very  slowly  spreads.  Wlien  met  with  before  it  has  involved  the 
whole  cornea,  it  should  be  removed  by  slicing  off  layer  after 
layer,  until  the  transparent  tissue  below  it  is  reached. 

Malignant  Tumours,  of  the  Cornea  probably  never  occur 
priuiarily.  They  either  involve  the  cornea  by  extension  from 
the  deeper  tissues  of  the  eye  (ciliary  body,  choroid,  &c.),  or  from 
the  conjunctiva,  in  which  case  only  the  superficial  layers  of  the 
cornea  are  implicated.  The  principal  forms  met  with  are  sar- 
coma, generally  of  the  melanotic  type,  and  epithelioma.  Owing 
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to  their  loose  attachment  to  the  cornea,  they  may  easily  be 
scraped  off;  but  the  tendency  to  recur  usually  necessitates  re- 

'''°'conLottIl  Malformations  of  the  Cornea  are  rare,  unless 
we  include  under  such  corneal  astigmatism.  Sometm.es  the 
cornea  is  much  smaller  than  normal,  a  condition  known  as 
Lroconua;  in  others  it  is  much  too  large-— rn.^^^ 
Both  these  deviations  are  most  frequently  accompamments  o 
more  general  deformities-mcroi^A^AaZmos  and  'mmrovmahao. 
respectively-though  they  may  exist  alone,  or  ^t^^  ^^^^J 
constitute  the  most  evident  deformity.  A  congemtal  opacity  o 
the  cornea,  either  partial  or  complete,  is  also  met  with  verj 

'""'Injuries  to  the  CoRNEA.-Superficial  abrasions  of  the  cornea, 
which  rarely  involve  more  than  the  epithelium,  are  frequently 
met  with.    An  injury  of  this  nature  may  result  ^^--^  -^f^ 
from  the  finger-nail,  or  from  the  eye  being  struck  with  some 
obiect-..^.,  the  branch  of  a  tree,  end  of  an  umbrella  ckc  - 
o^from  fhe  rubbing  of  some  small  foreign  ^^ody  wduc^^^^^^^^^^^ 
remained  for  some  time  in  the  conjunctival  sac.    The  coineal 
abrasion,  owing  to  the  irritation  of  the  numerous  delicate  ner^e 
fibrils  whicli  it  causes,  always  gives  rise,  and  ^^^f  ^ 

when  the  eye  is  not  kept  closed,  to  very  -ns^de-l^le  P^^^^^^ 
accompanied  at  the  same  time  by  the  sensation  as  if  a  foieig 
body  4ere  present  in  the  eye.    When  the  abrasion  is  arg  xt 
may  give  rise  to  a  form  of  recurrent  bullous  keratitis  (see 
page  135)    The  pain  is  at  once  allayed  by  cocaine,  and  the  trmt- 
n  consists  in  using  frequently  some  -"J^^^^^^^ 
as  to  avert  any  possible  subsequent  moculation  of  the  wounded 
cornea    The  exLt  of  a  superficial  abrasion  of  the  cornea  may 
be  made  very  apparent  by  dropping  a  drop  or  two  of  a  1^ 
per  cent,  solution  of  Huorescine  into  the  con.iunctival  sac,  and 
washhi.  away  the  excess  with  water.    The  area  of  the  abrasion 
TtherX  coloured  a  vivid  green,  whHe  the  rest  of  the  corn.i 
on  which  the  epithelium  is  intact  reniams  uncoloured.  ihis 
method  of  staining  was  introduced  by  Straub  some  years  ag^^^ 
I  have  constantly  used  it  since  then  for  demcnistrating  abiasioi  s 
and   superficial   ulcerations,  such   as   dendritic  keratitis,  to 

Penetrating  wounds  of  the  cornea  of  all  sizes  are  caused  either 
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by  sharp  instruments,  or  by  severe  blows  with  blunt  objects, 
which  lead  to  a  bursting  of  the  eye.  The  prognosis  in  such  cases 
depends  greatly  upon  the  nature  of  the  injury,  and  upon  the  com- 
plications. A  mere  cut  of  the  cornea,  if  made  by  a  sharp,  clean 
instrument,  and  if  not  very  extensive,  always  heals  by  first  inten- 
tion. If  not  directly  opposite  the  pupil,  it  may  result  in  little 
or  no  interference  with  vision.  One  circumstance  not  unlikely 
to  happen,  and  which  may  call  for  surgical  interference,  is  a 
prolapse  of  a  portion  of  iris  tlirough  the  wound.  When  this 
happens,  and  the  case  is  seen  shortly  after  the  accident,  the  eye 
should  be  bathed  well  with  corrosive  sublimate  solution,  and  the 
iris,  if  not  much  bruised,  returned  by  careful  manipulation  with 
a  blunt  instrument  (preferably  one  made  of  gutta-percha). 
When  the  prolapsed  iris  is  allowed  to  remain  in  the  wound, 
healing  by  first  intention  cannot  take  place,  and  the  curvature 
of  the  cornea  is  more  or  less  altered  ;  besides,  there  is  a  danger 
of  iritis  being  set  up.  If  the  iris  has  been  at  the  same  time 
bruised,  and  the  case  has  only  coine  under  observation  some 
days  after  the  accident,  the  prolapsed  portion  should  not  be 
replaced,  but  removed  with  the  iris  forceps  and  scissors.  The 
great  danger  in  such  wounds  is  the  possibility  of  septic  matter 
having  been  introduced  into  the  eye  by  the  instrument  with 
which  the  accident  was  caused.  When  this  has  been  the  case, 
inflammatory  reaction,  which  not  only  interferes  with  the 
healing  of  the  corneal  wound,  but  which  may  lead  to  more  deep- 
seated  destruction,  is  liable  to  occur. 

Small  particles  of  dust,  coal,  or  metal,  and  husks  of  grain,  are 
very  liable  to  become  embedded  in  the  cornea.  The  distance  to 
which  they  enter  depends  on  their  size  and  shape,  and  the  force 
with  which  they  are  driven  against  the  eye.  In  most  cases  the 
foreign  body  lies  superficially  in  the  corneal  epithelium.  In 
the  case  of  small  portions  of  metal  it  very  often  happens  that 
the  cornea  is  not  only  wounded,  hut  at  the  same  time  slightly 
burnt,  owing  to  the  piece  of  metal  being  hot  at  the  time  it 
strikes  the  eye.  This,  which  is  popularly  called  a  "  fire,"  differs 
from  other  foreign  bodies  by  being  as  a  rule  less  firmly  embedded, 
owing  to  the  destruction  of  the  innnediately  surrounding  tissue. 
A  brownish  ring  is  often  left,  too,  after  their  removal,  partly  an 
eschar  and  partly  rust,  wliich,  if  not  scraped  away,  is  some  days 
in  falling  off.    Usually  a  foreign  body  gives  rise  to  sudden  pain 


15° 


DISEASES  OF  THE  CORNEA. 


when  it  lodges  in  the  cornea,  and  often  more  or  less  pam 
remains  until  it  is  removed.  The  pain  is  more  especially  com- 
plained of  on  movement  of  the  lids  over  the  cornea.  Except, 
too,  in  the  case  of  smooth  and  chemically  non-irritatmg  sub- 
stances, the  eye  becomes  rapidly  injected,  and  the  patient  suffers 
from  photophobia  and  lachrymation.  Husks  of  gram  become 
embedded  with  their  concave  surfaces  towards  the  cornea,  and 
the  lid  passing  over  their  smooth  surfaces  does  not  give  rise  to 
much  pain.  The  method  of  removing  foreign  bodies  from  the 
cornea  is  described  in  Chapter  XVIII. 

SCLEIIO-CORNEAL  EuPTURES.— When  the  coats  of  the  eye  are 
ruptured  by  a  severe  blow,  the  line  of  rupture  is  most  frequently 
rouohly  concentric  with  the  margin  of  the  cornea,  and  from  one 
to  two  millimetres  distant  from  it.    The  eye,  in  fact,  gives  way 
close  to  the  true  corneo-scleral  junction  at  the  angle  of  the 
anterior  chamber.     Such  ruptures  are  usually  in  the  upper 
portion  of  the  corneo-scleral  junction,  but  may  be  in  any  part  of 
it.    They  rarely  if  ever  involve  the  ciliary  body.    When  large 
they  may  permit  of  the  escape  of  the  lens,  and  it  is  in  this 
way  that  a  subconjunctival  dislocation  of  the  lens  takes  place. 
The  vitreous,  too,  and  even  the  retina,  may  be  propelled  through 
an  extensive  rupture  of  this  nature.    A  less  extensive  wound 
generally  gives  rise  to  quite  a  characteristic  appearance.  A 
portion  of  the  iris  becomes  prolapsed  into  it,  so  that  the  centre 
of  the  pupil  is  drawn  to  the  wound,  and  an  apparent  coloboma 
results.    The  conjunctiva  which  remains  intact  is  often  raised, 
too,  in  the  form  of  a  bleb  over  the  wound  by  aqueous  humor 
infiltrated  below  it,  and  the  escape  of  aqueous  in  this  manner 
leads  to  a  marked  shallowing  or  aboHtion  of   the  anterior 
chamber. 

Owing,  no  doubt,  to  the  integrity  of  the  conjunctiva  as  a 
aeneral  rule,  corneo-scleral  ruptures  are  rarely  followed  by  severe 
inflammation.  On  the  other  hand,  they  seldom  heal  without 
leaving  a  great  deformity.  This  is  due  to  the  separation  of  the 
hps  of  the  wound  by  prolapsed  iris,  &c.  On  this  account  they 
usually  call  for  operative  treatment,  which  sliould  not  be  under- 
taken without  the  usual  antiseptic  precautions.  In  fresh  cases 
an  opening  shcnild  be  made  in  the  conjunctiva  a  quarter  of  an 
inch  or  so  behind  the  rupture,  and  parallel  with  it.  The  con- 
junctiva should  then  be  undermined,  so  as  to  form  a  flap,  winch 
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can  be  lifted  away  from  the  wound.  "When  this  has  been  done, 
the  prolapsed  iris  is  removed  as  completely  as  possible,  so  as  to 
admit  of  the  edges  of  the  wound  coming  in  contact.  The  con- 
jmictiva  can  then  be  carefully  stitched  over  the  wound.  There 
is  rarely  any  use  trying  to  replace  the  prolapsed  iris,  as  it  is 
generally  lacerated  as  well.  In  cases  which  have  been  allowed 
to  heal  after  the  accident,  and  which  have  resulted  in  great 
deformity  and  corresponding  interference  with  vision,  a  method 
of  operating  advocated  by  Nuel  would  seem  to  offer  the  best 
chance  of  improvement  (see  Chapter  XVIII.). 

Deposits  in  the  Coenea. — Some  metallic  salts  used  in 
solution  as  lotions  for  the  eye  may  leave  deposits  in  the  cornea. 
This  danger  is  greatest  with  lead  lotions,  which  should  never  be 
used  where  the  cornea  is  inflamed.  A  white  deposit  of  lead  is 
very  rapidly  formed  on  the  surface  of  a  corneal  ulcer,  and  may 
often  occasion  much  greater  defect  of  vision  than  would  arise 
from  simple  cicatrisation.  As  such  lead  deposits  are  generally 
superficial,  more  or  less  improvement  may  result  from  scraping 
thSm  away.  ISTitrate  of  silver  in  the  same  way  may  lead  to  an 
opacity,  but  this  is  not  nearly  so  unsightly,  being  a  deposit  of  a 
number  of  more  or  less  closely  packed  brownish  or  black  dots. 
A  much  more  prolonged  use  of  this  substance  is  required,  too,  to 
produce  much  staining,  than  is  the  case  with  lead  lotions. 


CHAPTER  V. 


DISEASES  OF  THE  CRYSTALLINE  LENS. 

Anatomy.— Several  chaBges  take  place  in  the  lens  during 
life.  In  the  young  it  is  perfectly  colourless ;  later  on  in  life  it 
is  yellowish.  The  change  in  colotor  is  accompanied  by  an  altera- 
tion in  consisiency,  bringing  with  it  a  diminution  of  elasticity 
which  is  the  cause  of  the  gradually  diminishing  amplitude  ot 
accommodation  met  with  as  age  advances.  The  shape  of  the 
lens  is  much  more  globular  in  infancy  and  cMdhood;  the 
increase  which  takes  place  is  therefore  mainly  at  the  equator. 
In  this  way,  too,  the  dioptric  value  of  the  lens  accommodates 
itself  to  the  change  which  takes  place  in  the  length  of  the  eye 

as  it  increases  in  size.  o   -4-1  4. 

The  growth  of  the  lens  has  been  shown  by  Priestley  Smith  to 
take  place  throughout  life,  and  not  to  cease  with  the  attainment 
of  adult  Ufe.  From  25  to  65  its  weight  and  volume  are  in- 
creased by  one-half,  and  its  diameter  by  one-tenth. 

The  explanation  given  by  Priestley  Smitli  of  this  fact,  which  is 
not  without  importance  with  reference  to  possible  disease  m  advanced 
life  (see  Chapter  on  Sympathetic  Ophthalmitis)  is  as  follows  ihe 
lens  is  derived  from  the  cuticular  epiblast,  and  its  mode  of  growth  is 
analogous  to  the  cuticle.  But  its  cells,  milike  those  of  the  cuticle, 
are  not  cast  off  as  they  grow  old ;  they  are  laid  down  layer  iipon  layer 
witlnn  a  closed  capsule,  the  younger  fibres  surrounding  the  oldei-. 
In  consequence  of  this  luiique  arrangement,  and  m  spite  ot  tne 
shrinking  of  the  older  cells  which  form  the  nucleus,  the  growth  oi 
the  lens  does  not  cease  with  that  of  the  rest  of  the  body,  but  i.s 
contmuous  unless  some  morbid  process  intervene,  throughout  the 
whole  period  of  life." 

Numerous  measurements  which  Priestley  Smith  has  made 
give  to  the  lens  an  altogether  greater  thickness  than  it  is 
generally  supposed  to  have.  The  fibres  towards  the  centre  of 
the  lens  are  more  compressed  than  the  superficial  ones,  and 
contain  less  water,  but  never  any  keratine.     The  lamellar 
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arrangement  of  the  lens  fibres  can  be  seen  by  macerating,  by 
whicli  means  a  separation  of  the  different  lamellte  takes  place 
sooner  than  a  dissociation  of  the  individual  fibres,  the  cement- 
ing substance  being  present  in  greater  quantity  between  the 
edges  of  the  fibres  than  between  their  surfaces.  There  is 
a  gradual  increase  in  the  refractive  index  of  the  different 
lamellfe  passing  from  the  surface  to  the  centre  of  the  lens. 
This  difference  becomes  less  marked  as  age  advances  by  the 
gradual  development  oi  a  hard  central  portion,  the  so-called 
nucleus,  which  becomes  apparent  about  the  time,  or  shortly 
after  the  period  of  full  growth,  and  slowly  invades  the  more 
superficial  portions  of  the  lens,  the  refractive  index  of  which, 
corresponding  to  the  greater  density,  is  increased.  The  refractive 
index  of  the  superficial  fibres  of  the  lens  differs  but  slightly  in 
the  eyes  of  young  individuals  from  that  of  the  aqueous  humor. 
The  increase  in  refracting  power,  which  comes  on  with  age, 
brings  about,  however,  a  considerable  difference  between  that  of 
the  lens  and  aqueous  where  they  meet,  and  the  reflection  of  light 
from  the  surface  of  the  lens  in  old  people,  which  this  abrupt 
change  in  refractive  power  admits  of,  is  the  cause  of  the  greyish 
and  semi-opaque  appearance  of  the  pupil  which  is  so  frequently 
observed. 

The  capsule  of  the  lens  is  a  highly  elastic,  and  to  all  appear- 
ance homogeneous  membrane,  which  attains  its  greatest  thick- 
ness at  the  anterior  portion.  While  the  lens  fibres  are  known 
to  be  histogenetically  epithehal,  it  still  remains  doubtful  whether 
the  capsule  is  originally  an  epithelial  or  a  connective  tissue. 
The  latest  investigations  indeed  seem  to  point  to  a  double  origin. 
The  anterior  portion  of  the  capsule — what  is  usually  spoken  of 
as  the  anterior  capsule — is  covered  on  its  internal  surface  by  a 
single  layer  of  epithelial  cells,  which  play  an  important  part  in 
the  physiology  of  the  lens. 

The  normal  position  of  the  lens  is  that  in  which  it  is  sus- 
pended at  an  equal  distance  all  round  from  the  circular  ciliary 
body,  so  that  its  axis  is  nearly,  if  not  absolutely,  centred  witli 
that  of  the  cornea.  The  centre  of  the  anterior  surface  lies  in 
the  same  plane  as  the  iris,  while  the  equator,  owing  to  the 
curvature  of  tlie  surface,  is  considerably  behind  that  plane.  A 
space  is  therefore  left  between  the  posterior  surface  of  the  iris 
and  the  anterior  surface  of  the  lens.    This  is  the  so-called 
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posterior  aqxmm  chamler.    The  suspensory  ligament  of  the  lens, 
or  zonule  of  Zinn,  which  is  a  differentiation  of  the  hyaline 
membrane^of  the  vitreous,  has  an  extensive  attachment  to  the 
processes  of  the  ciliary  body.    It  does  not,  however,  follow  all 
the  depressions  in  these  processes,  but  is  firmly  attached  to  the 
elevations.     Spaces— the  so-called  recesses  of  the  posterior 
aqueous  chamber— are  thus  left  between  it  and  the  ciliary 
processes.    It  is  at  its  other  end  closely  fused  with  the  lens 
capsule,  more  particularly  the  anterior  capsule.    The  inter- 
mediate free  portion  of  the  membrane  fills  in  ihQ  perilenticular 
space.    This  portion  appears  to  be  narrower  the  older  the 
individual.    Behind  the  zonule  of  Zinn,  and  between  it  and 
the  vitreous,  or  more  correctly  between  the  fibres  of  the  zonule 
which  pass  to  the  anterior  and  those  which  pass  to  the  posterior 
capsule,  is  a  space  called  the  canal  of  Petit,  which  is  of  unport- 
ance  in  connection  with  the  nourishment  of  the  lens,  ihe 
intimate  structural  as  well  as  anatomical  connections  which 
exist  between  the  suspensory  ligament  and  the  vitreous  and 
anterior  portion  of  the  uveal  tract,  render  a  participation  ot 
that  structure  in  deep-seated  diseases  of  the  eye  not  infrequent. 

Catakact.— When  the  lens,  which  in  its  physiological  state 
is  transparent,  becomes  opaque,  there  is  said  to  be  cataract. 
The  opacity  may  involve  the  whole  or  only  a  portion  or  portions 
of  the  lens,  i.e.,  the  cataract  may  be  complete  or  partial. 

Anatomically,  we  may  distinguish  two  forms  of  cataract- 
(1.)  Lenticular  cataract ;  (2.)  Capsular  cataract.  The  first  form  is 
a  result  of  the  opacity  of  the  lens  fibres  or  true  lens  substance, 
the  second  of  the  cells  lining  the  capsule  of  the  lens,  ihe  t^^  o 
forms  may  exist  together  or  separately. 

Clinically,  cases  of  cataract  may  be  grouped  with  advantage 
under  the  following  heads :-(!.)  ^e7u/e  cataract,  m  which  the 
opacity  is  due  to  an  idiopathic  degenerative  change  m  the  lens 
substance,  unconnected  necessarily  with  any  other  condition 
which  leads  to  an  impairment  of  the  functions  of  the  eye. 
According  to  the  extent  as  well  as  the  nature  of  this  degenera- 
tive change,  different  clinical  sub-groups  have  to  be  distmgmshed. 
(2.)  Jureivilc  and  congenital  cataract,  of  which  there  are  also 
various  forms.  (3.)  Complicated  or  secondary  cataract,  in  whicn 
the  opacity  of  the  lens  is  the  result  of  more  or  less  destructive 
changes  in  the  deeper  parts  of  the  eye.    (4.)  Traumatic  cataract ; 


« 


CATARACT.  155 

and  (5.)  After-cataract,  or  the  opacity  which  remains  or  becomes 
developed  subsequently  to  the  removal,  by  artificial  or  natural 
means,  of  the  opaque  lens. 

The  transparency  of  the  lens  is  only  maintained  when  no 
great  change  takes  place  in  its  nutrition.  A  normal  nutrition 
requires,  as  a  rule,  a  normal  position  of  the  lens,  and  always 
integrity  of  its  capsule.  The  main  cause  of  opacity  appears  to 
be  a  too  rapid  or  iiTegular  abstraction  of  fluid,  wMch  is  favoured 
by  some  interference  with  the  supply,  or  some  abnormality  in 
the  reconstitution  of  the  nutritive  fluid. 

It  is  only  in  eyes  where  no  nucleus  has  yet  formed  in  the 
lens,  and  therefore  in  the  young,  that  the  whole  substance  of 
the  lens  is  capable  of  undergoing  a  degenerative  change  which 
leads  to  soft  cataract.  The  nucleus  may  lose  much  of  its  trans- 
parency from  sclerosis  and  increasing  coloration,  but  it  is  not 
the  same  process  of  degeneration  as  takes  place  in  the  less 
altered  portion  of  the  lens. 

Senile  cataracts  are  of  two  kinds— cor^icaZ  and  nuclear.  The 
former  is  much  the  more  common.  In  this  form  only  that 
portion  of  the  lens  which  surrounds  the  niicleus  becomes 
opaque.  The  colour  of  such  cataracts,  when  the  whole  of  this 
portion  (the  cortex  of  the  lens)  has  become  opaque,  depends 
on  the  size  and  colour  of  the  sclerosed  nucleus,  as  well  as 
on  the  degree  of  opacity  of  the  cortical  layers.  When  the 
opacity  is  dense  and  the  nucleus  small,  a  very  uniform  white 
appearance  is  met  with;  on  the  other  hand,  a  greyish,  and 
often  yellowish  tinge,  is  given  to  the  cataract  by  the  shining 
through  of  a  large  nucleus.  In  the  first  case,  the  cataract  is 
comparatively  soft;  in  the  second,  it  is  what  is  called  hard. 
As  a  general  rule,  it  may  be  taken  that  the  older  the  indi- 
vidual is  before  the  cataract  begins,  the  larger  is  the  sclerosed 
central  portion,  and  the  smaller  the  cortical  opacity. 

By  observing  carefully  the  colour  of  a  cataract,  which  can 
only  be  done  by  dilating  the  pupil  well,  a  fair  idea  can  be 
formed  as  to  its  consistency.  Such  an  examination  should  be 
made  a  matter  of  routine  practice,  as  the  result  of  it  may 
occasionally  influence  the  choice  of  operation.  A  comparatively 
soft  senile  cataract  can  be  extracted  througli  a  smaller  incision 
into  the  eye  than  a  hard  one,  and  at  the  same  time  cause  less 
bruising  to  the  iris,  but  too  much  confidence  should  not  be 
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placed  on  the  diagnosis  as  to  consistence ;  moreover  when  the 
incision  is  made  m  the  corneo-scleral  margm  and  antisept^ 
precautions  taken,  the  necessity  for  makmg  it  as  small  as 
possible  is  not  so  great  as  in  the  case  of  a  corneal  section,  which 
Fs  not  much  practised  now.    The  colour  of  the  opaque  lens  may 
be  bluish,  white,  or  more  or  less  yellowish,  and  even  brown. 
Bluish  cataracts  in  young  people  have  generally  also  ^  ^otl^r- 
of-pearl-hke  sheen,  and  are  always  soft  and  swollen    A  similar 
appearance  in  older  individuals  indicates  softness  of  the  cortical 
matter,  but  the  existence  at  the  same  time  of  a  hard  nuc  eus, 
corresponding  to  the  age  of  the  patient,  must  not  be  forgotten, 
mite  cataracts  may  be  either  hard  or  soft ;  they  are  hard  when 
distinctly  striated,  soft  when  homogeneous  or  merely  spotted. 
Yellowish  or  brownish  cataracts  are  hard. 

An  abnormal  degree  of  sclerosis  may  involve  the  whole  lens, 
which  in  such  cases  is  smaller  than  normal.  This  only  occurs, 
as  a  rule,  in  very  old  people,  and  comes  on  very  slowly.  This 
form  in  which  no  true  cortical  substance  remams  to  imdergo 
degenerative  changes,  and  yet  the  sclerosed  portion  becomes 
greatly  deprived  of  its  transparency,  is  what  may  be  called 
nuclear  servile  cataract.  Often  the  lens  is  very  darkly  coloured, 
when  the  cataract  is  said  to  be  "  black."  Nuclear  cataract  is 
therefore  essentially  a  hard  cataract. 

Ordinary  senHe  cataract,  where  there  is  a  certain,  though 
varying  proportion  of  cortical  substance,  begins  apparently  as 
the  result  of  some  irregularity  in  the  process  of  sclerosis  of  the 
central  portion.    According  to  Priestley  Smith,  a  decrease  m 
size  and  weight  of  the  whole  lens  precedes  the  formation 
of  cataract.     The  first  signs  are  to  be  seen  m  the  region 
between  nucleus   and   cortex.     Variously  shaped  opacities, 
mostly  radiating  lines  or  strine,  which  appear  white  by  re- 
flected and  black  by  transmitted  light,  occur  here;  these 
gradually  become  confluent,  and  extend  towards  the  capsule. 
This  chancre  is  often  associated  with  considerable  increase  m 
volume,  so  that  the  iris  is  pushed  forwards  and  the  anterior 

chamber  shallowed. 

When  the  whole  cortex  has  become  opaque,  the  cataract  is 
said  to  be  mature  or  rijjc.  The  term  has  reference  to  its  then 
being  capable  of  being  shelled  out  of  its  capsule,  to  which  it  is 
otherwise  somewhat  adherent.    There  is  considerable  difference 
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however,  in  ripeness  taken  in  this  sense,  as  in  some  cases,  even 
when  the  opacity  extends  right  up  to  the  capsule,  the  adhesion 
between  lens  substance  and  capsule  is  pretty  firm,  whereas  in 
other  cases  again  a  semi-opaque  lens  separates  very  completely 
and  readily  from  the  capsule.  It  is  not  as  a  rule  difficult  to 
make  out  if  the  opacity  reaches  to  the  capsule  or  not ;  where 
there  is  any  doubt,  the  diagnosis  may  be  assisted  by  observing 
whether,  when  a  light  is  held  to  one  side  of  the  cornea,  the 
portion  of  the  iris  to  the  same  side  throws  any  shadow  on  the 
opaque  lens ;  if  it  does,  there  must  be  an  intervening  portion  of 
transparent  lens.  It  must  not  be  forgotten  that  a  similar 
shadow  may  be  seen  in  cases  of  over-ripe  cataract.  These  cases 
may  be  diagnosed  by  observing  that  the  anterior  surface  is  at 
the  same  time  flattened,  whereas  the  unripe  cataract  presents 
a  distinctly  curved  surface.  Tremulousness  of  the  iris — irido- 
donesis,  is  also  frequently  met  with,  where  the  cataract  is  over- 
ripe, and  has  undergone  retrogressive  changes. 

After  the  condition  of  ripeness  has  existed  for  a  longer  or 
shorter  time,  further  changes  may  take  place,  which  are 
characterised  as  stages  of  over-ripeness.  The  opaque  cortical 
substance  may  to  some  extent  shrivel  from  loss  of  fluid,  and  in 
this  way  a  little  of  the  sight — as  a  rule,  only  a  very  little — be 
regained.  A  little  trembling  of  the  iris  with  the  movements 
of  the  eye  is  often  observable.  Usually,  too,  dense  white 
points  or  irregular  lines  are  to  be  seen  in  the  lens.  On  the 
other  hand,  and  much  less  frequently,  the  cortex  may  become 
more  fluid,  to  such  an  extent,  indeed,  that  the  nucleus  moves 
about  in  it,  and  gravitates  to  the  lowest  point  of  the  lens. 
Such  fluid  cataracts  are  called  Morgagnian.  The  Morgagnian 
cataract  is  easily  distinguished,  too,  by  the  position  of  the 
yellow  nucleus  which  has  sunk  to  the  bottom  of  the  opacity. 
The  diagnosis  may  often  be  made  witliout  dilating  the  pupil,  by 
observing  tlie  difference  in  colour  of  the  opacity  when  the 
patient  is  standing  up  or  lying  down.  In  the  former  case  it  is 
generally  yellowish ;  in  the  latter  milky  white. 

The  time  which  elapses  before  a  senile  cataract  becomes 
mature  varies  within  very  wide  limits.  It  is  impossible  in 
any  particular  case,  as  a  rule,  to  predict  even  approximately 
how  long  the  existing  opacity  will  take  to  become  complete. 
No  regularity  is  shown  in  the  process,  which  at  times  advances 
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more  rapidly  than  at  others.  Some  cases,  for  instance,  rapidly 
advance  till  a  considerable  degree  of  opacity  is  reached,  and 
then  only  progress  slowly  to  maturity,  while  others  advance 
slowly  at  first,  and,  after  reaching  a  certain  stage,  very  quickly 
end  in  complete  opacity.  Probably,  however,  no  cases  remain 
absolutely  stationary  when  once  a  separation  has  taken  place 
between  the  nucleus  and  cortex,  and  striae  are  seen  beginning  m 
the  region  between  them.  In  cases  where  small  opacities  are 
found^'in  other  situations,  there  does  appear  to  be  some  possi- 
bility of  the  condition  remaining  stationary— at  all  events  for 
some  considerable  time. 

The  degree  of  blindness  to  which  the  progressing  cataract 
aives  rise  depends  a  good  deal  on  the  site  of  the  intransparent 
portions  of  the  lens.     If,  for  instance,  as  often  happens,  the 
cortical  substance  in  the  pupillary  area  is  more  affected  than 
elsewhere.,  the  vision  is  more  seriously  interfered  with  than  in 
the  case  where  the  same  degree  of  opacity  exists  at  another 
part  of  the  cortex.    In  such  cases  vision  is  better  in  the  shade 
than  when  the  pupil  is  more  contracted  by  a  strong  light, 
and  a  temporary  benefit  may  be  got  by  the  use  of  a  weak 
mydriatic.    Less  frequently,  owing  to  the  scattering  of  the  light 
passing  through  the  lens,  or  the  polyopia  which  is  produced  by 
the  formation  of  separate  images  by  the  different  segments  of 
the  lens,  vision  is  considerably  improved  under  conditions 
which  give  rise  to  contraction  of  the  pupil,  so  that  some  benefit 
is  derived  for  a  time  by  the  use  of  a  myotic  or  a  stenopaic  slit. 

When  a  cataract  is  ripe,  the  vision  is,  as  a  rule,  reduced  to 
mere  perception  of  light;  but  where  the  opacity  of  the  lens 
is  unaccompanied  by  any  other  affection  of  the  eye,  this  percep- 
tion is  except  in  the  cases  of  extremely  dense  cataracts,  very 
delicate.    The  simplest  way  of  testing  the  light  perception  is  to 
throw  licrht  reflected  from  a  gas  jet  into  the  eye  with  the  oph- 
thalmoscope.   The  room  should  be  darkened  and  the  light  be 
shaded  from  the  patient.    By  turning  the  gas  down  or  up  it  is 
easy  to  determine  tlae  smallest  amount  of  Hght  which  is  just 
distinguishable  from  the  light  of  the  room.     Another  way 
which  is  often  practised,  and  which  alTords,  too,  a  means  of 
readily  comparing  the  acuity  of  the  light  perception  m  dif- 
ferent cases,  is  to  hold  a  lighted  candle  in  front  of  the 
patient  in  a  dark  room,  and  notice  whether  he  distinguishes 
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between  light  and  darkness  when  the  flame  is  shaded  by  the 
hand  or  allowed  to  remain  nnoovered.  Except  in  the  very 
densest  cataracts,  the  difference  should  be  readily  appreciated 
when  the  flame  is  from  fifteen  to  twenty  feet  distant  from  the 
patient's  eye.  Owing  to  the  diffusion  of  the  light  which  is 
caused  by  the  opaque  lens,  the  intensity  of  illumination  is 
approximately  inversely  as  the  square  of  the  distance  at  which 
the  candle  is  held. 

But  as  the  diffusion  is  never  complete,  and  a  certain  degree 
of  refractive  power  always  remains,  the  patient  should  also  be 
able,  where  there  is  no  complication,  to  appreciate  fairly  well 
the  direction  from  which  light  falls  into  the .  eye.  This  may 
be  tested  by  asking  him  to  point  out  the  position  of  the  flame 
of  a  candle,  held  in  succession  at  different  parts  of  the  field 
of  vision.  A  good  projection  indicates  almost  always  not 
only  a  tolerably  free  field  of  vision,  but  also,  as  the  patient 
directs  his  fovea  to  the  light,  an  intact  central  vision.  The 
existence  of  very  small  central  scotomata,  however,  may  be 
overlooked,  but  such  cases  are  extremely  rare.  When  the  light 
sense,  tested  with  the  gas  jet  and  ophthalmoscope  mirror,  or  the 
candle,  appears  defective,  a  more  accurate  test  may  be  made  by 
means  of  von  Graefe's  photometer.  A  very  low  value  obtained 
in  this  manner  is  an  almost  certain  proof  of  the  existence  of 
detached  retina. 

This  loss  of  all  vision,  with  the  exception  of  light  perception, 
which  characterises  most  cataracts  which  are  ripe  for  operation, 
must  not  always  be  taken  as  the  criterion  of  maturity.  In 
some  cases  of  hard  cataract  there  is  considerably  more  vision 
than  this ;  the  patient,  for  instance,  being  often  able  to  count 
fingers  close  to  the  eye,  so  that  if  one  were  to  wait  for  complete 
bhndness  before  operating,  much  time  would  be  lost  to  the 
patient.  Fortunately,  although  senile  cataract  almost  invari- 
ably affects  both  eyes,  there  is  often  a  considerable  time 
intervening  between  the  time  when  maturity  of  the  cataract 
is  reached  in  each  eye,  so  that  if  an  operation  be  undertaken  as 
soon  as  the  first  cataract  is  ripe,  the  patient  is  not  rendered 
absolutely  helpless  by  the  disease.  When  both  eyes  are  pretty 
equally  affected  at  a  stage  when  most  useful  vision  is  lost,  an 
attempt  may  be  made  to  hasten  the  maturity  of  the  one,  or  an 
extraction  may  be  undertaken  rather  sooner  than  would  other- 


i6o      DISEASES  OF  THE  CRYSTALLINE  LENS 

wise  be  done.    There  are  several  ways  of  artificklly  ripening  a 
senile  cataract,  none  of  which  is  very  certain  m  its  effect.  One 
method-that  which  has  been  longest  in  nse-is  to  make  a 
small  opening  in  the  capsule  with  a  cataract  needle,  at  the  same 
time  sLhtly  stirring  up  the  cortex  with  the  end  of  the 
needle    H  this  is  done  too  freely  it  is  apt  to  give  rise  to  irrita- 
tion or  even  inflammation,  which  may  necessitate  an  extraction 
mukr  circumstances,  too,  which  are  not  then  so  favourable  for 
healino-    It  is  frequently,  more  especially  in  the  harder  forms 
of  cataract,  of  no  avail.    Another  method  consists  in  the  per- 
formance of  iridectomy,  an  operation  which,  when  done  with 
this  object  in  view,  or  for  other  reasons  when  cataract  is  present, 
is  called  preliminary  iridectomy.    This  is  not  only  a  harmless 
practice,  but  one  which  rather  lessens  the  risk  of  the  subsequent 
Ltracti;n.    It  is  impossible,  however,  to  foretell  on  winch  -s 
it  will  have  the  desired  effect  of  hastening  the  completion  of  the 
opacity.    Undoubtedly  a  greater  number  of  cases  are  ripened 
when  Ihe  iridectomy  is  combined  with  a  kindpf  massage  of  the 
Tapsule,  a  proceeding  recently  introduced  by         -  -d  w^^^^^^ 
may  be  performed  either  through  the  cornea,  or,  with  piopex 
pecautions  as  to  pressure  and  antiseptics,  directly  over  the 
capsule  itself.    This  is  seldom  followed  by  any  irritation.  _ 

Sometimes  the  anterior  capsule  of  the  lens_  participates  m 
the  cataract,  that  is  to  say,  the  cells  lining  the  inner  sur  ace  o 
the  capsule  proliferate  and  lose  their  transparency  the  mass 
ormed  l  aving  much  the  appearance  of  connective  tissue  with 
depots  of  fiSrin.  A  capsular  cataract  is  more  especially  met 
St  Lses  which  have  become  shrivelled  and  o^.r-r3^e 
It  is  rare  that  the  opacity  extends  beyond  the  ^  - 

moderately  sized  pupil.  If  the  cataract  be  examined  .  U  U  e 
pupil  dilated,  before  an  operation  is  undertaken,  the  capsulai 
opac  ty  cannot  well  escape  detection.  It  is  intensely  white, 
and  frequently  presents  an  irregular  jagged  outline.  In  case 
?'tl^  nat JL  capsular  forceps  should  ^^^^f^^ 
the  cystotome  (see  chapter  on  Operations),  or,  if  the  case  be 
Suitable,  the  lens  removed  m  its  capsule  by  Pagenstecher  s 

'""'no^' certain,  constant  connection  between  senile  cataract 
and  ly  o  her' disease  has  as  yet  been  definitely  established 
There  is  an  undoubted  hereditary  tendency,  which  appears  to 
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descend  by  the  male  rather  than  the  female  line,  although  the 
disease  is  no  more  frequent  in  the  one  sex  than  the  other. 
Many  individuals  with  senile  cataract  exhibit  no  other  symp- 
toms of  senility  ;  in  others,  atheromatous  degenerations  of  the 
arteries  are  more  or  less  evident.  Diabetes  sometimes  co-exists 
with  senile  cataract.  In  most  cases  there  is  probably  no  con- 
nection between  the  two  conditions,  although  there  undoubtedly 
exists  a  true  diabetic  cataract.  It  has  not  yet  been  satisfactorily 
shown,  however,  how  diabetes  produces  cataract.  Only  a  very 
small  number  of  diabetic  cases  are  complicated  by  cataract,  and 
repeated  experiments  make  it  appear  pretty  certain  that  the 
small  amount  of  sugar  contained  in  the  nutrient  fluids  of  the 
eye  cannot  be  the  direct  cause.  It  is  more  probable,  indeed, 
that  the  malnutrition  and  general  cachexia  give  rise  to  the 
lenticular  opacity  in  those  predisposed  to  cataract,  or  in  whom 
the  conditions  are  otherwise  favourable. 

Etiology  of  Senile  Cataract. — Some  advance  has  been  made 
in  recent  years  in  our  knowledge  of  the  etiology  of  cataract  by 
the  study  of  cataract  produced  artificially  in  animals.  It  has 
been  found  possible,  by  feeding  animals  on  certain  substances, 
to  give  them  cataract.  It  is  the  observation  in  the  living 
animal  of  the  earlier  stages  of  such  cataract  that  seems  to  throw 
light  on  the  causes  of  senile  cataract.  A  very  plausible  ex- 
planation is.  thus  afforded  of  how  it  is  that  in  otherwise 
healthy  eyes  the  lenses  may  become  opaque  and  undergo  the 
degenerative  changes  which  characterise  the  condition  of 
cataract. 

So  far  as  experiments  have  as  yet  gone,  feeding  with  naph- 
thaline appears  to  be  the  most  suitable  means  of  producing  the 
artificial  cataract.  Naphthaline  cataract  was  first  described  by 
Bouchard  and  Panas,  but  Magnus  has  the  credit  of  having 
studied  it  in  a  manner  which  pernuts  of  inferences  being  fairly 
drawn  with  respect  to  the  etiology  of  uncomplicated  senile 
cataract.  The  first  phase  in  the  development  of  the  opacity  of 
the  lens  can  be  seen  within  ten  hours  of  beginning  feeding  with 
3  to  4  grammes  of  naphthaline  per  kilo,  of  animal  weiglit. 
According  to  Magnus  what  is  then  seen  is  a  number  of  very 
clear  strite  passing  from  the  equator  of  the  lens  towards  its 
poles.  These  are  found  to  be  caused  by  little  folds  or  depres- 
sions of  varying  depth  on  the  lens  surface.  The  folds  involve 
11 
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the  capsule.     The  lens  fibres  and  epithelium  are  perfectly 
healthy  and  transparent.   The  folds  are  without  doubt  produced 
by  shrinking  of  the  lens.    A  similar  appearance  is  brough 
aiout  by  drying  the  lens  when  removed  from  the  eye  in  a  liot 
chamber    This  initial  shrinking  process  is  shown  in  Fig.  44. 
This  first  phase,  in  which  the  lens  fibres  retain  their  trans- 
parency, is  shortly  followed  by  a  second,-the  stage  of  opacity. 
An  important  fact  in  connection  with  the  appearance  of  opacity 
is  that  it  always  begins  in  the  same  parts  of  the  lens.   It  begins 
in  two  zones,  one  of  which  lies  immediately  behind,  and  the 
other  immediately  in  front  of  its  equator.    Almost  invariably 
the  posterior  zone  is  the  one  which  shows  the  greatest  degree  of 
opacity  see  Fio-  45.    These  zones  of  opacity  gradually  increase 
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Fig.  44. — Appearance  in  lens  pro- 
duced by  naphthaline,  early  stage. 


Fig.  45. — Appearance  in  lens  pro- 
duced by  naphthaline,  late  stage. 


in  breadth,  spreading  therefore  from  the  equator  towards  the 
iDoles  In  addition,  however,  there  is  a  separate  area  of  opacity 
to  be  seen  at  the  posterior  pole.  As  the  opacity  in  this  situa- 
tion increases  in  size,  it  meets  that  which  spreads  from  the 
posterior  equatorial  zone. 

If  the  naphthaline  feeding  be  stopped  m  time,  the  opacities 
aradually  and  completely  clear  up.  This  takes  place  even  if 
the  whole  posterior  cortex  is  quite  opaque.  It  takes  place,  too, 
always  in  the  same  way.  The  opacities  begin  to  clear  away 
sunultaneously  from  the  equator  and  the  posterior  pole.  This 
process  of  clearing  is  due  to  the  lens  receiving  its  proper  supply 
of  normally-constituted  nutrient  fluid.    That  this  is  the  case  is 
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evident  from  the  fact  that,  if  removed  from  the  eye  and  placed 
in  distilled  water,  lenses  rendered  opaque  by  naphthaline  regain 
their  transparency  in  a  few  hours. 

The  conclusion  which  may  he  drawn  from  the  manner  in 
which  the  opacity  comes  on  and  in  which  it  clears  oft"  when  the 
exhibition  of  naphthaline  is  stopped  is,  that  the  equatorial  zones 
and  the  posterior  pole  are  important  regions  connected  with 
the  flow  of  nutrient  material  to  the  lens. 

ISTow,  it  has  been  pointed  out  by  Magnus  that  about  93  per 
cent,  of  all  senile  cataracts,  however  much  they  may  difter  from 
it  afterwards  in  their  clinical  aspects,  begin  in  exactly  the  same 
manner  as  naphthaline  cataract.  But  while  naphthaline 
cataract  is  clearly  the  result  of  chemical  changes  in  the  nutrient 
fluid  of  the  lens,  such  changes  cannot  well  be  assumed  to  be 
present  in  most  cases  of  senile  cataract.  They  undoubtedly 
play  a  part  in  some  forms  of  cataract,  more  especially  diabetic 
cataract. 

Magnus  suggests  that  in  senile  cataract  there  is  first  of  all 
a  greater  or  less  stasis  of  the  normal  lymph  in  the  lens,  owing 
mainly  to  advancing  cornification,  but  possibly  also  to  vascular 
changes  in  the  sources  from  which  the  nourishing  fluid  springs. 
This  stasis  may  be  supposed  to  affect  more  readily  the  trans- 
parency of  the  cortical  lens  substance  the  more  its  power  of 
resistance  is  diminished  by  senile  or  other  conditions.  In  this 
way  he  would  account  for  the  great  difierences  met  with  clini- 
cally in  the  rapidity  with  which  the  opacity  advances. 

Broadly  speaking,  it  seems  not  unlikely  that  cataract  in  man 
is  due  either  to  circulatory  disturbances  in  the  nutrient  fluid  of 
the  lens,  or,  though  less  frequently,  to  alterations  in  the 
cliemical  constitution  of  the  nutrient  fluid. 

The  diagnosis  of  cataract  presents  no  dilficulties  when  no 
complications  exist  in  the  anterior  portion  of  the  eye,  such 
as  dense  opacities  of  the  cornea,  occlusion  of  the  pupil,  &c. 
Before  the  invention  of  the  ophthalmoscope,  various  objective 
and  subjective  tests  had  to  be  applied  in  many  cases  before 
the  presence  of  cataract  could  be  diagnosed.  Tlie  most 
famous  test  was  that  known  as  Sanson's.  This,  which  is 
based  on  the  laws  of  reflection  from  curved  surfaces,  consisted 
in  observing  whether  when  a  candle  flame  is  held  near  tlie  eye, 
and  a  little  to  one  side  of  its  optic  axis,  reflections  could  be  seen 
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from  the  two  surfaces  of  the  lens,  as  well  as  from  the  cornea. 
When  the  test  is  made  with  the  normal  eye,  three  images  can  be 
seen -two  erect,  and  following  in  the  same  direction  any  move- 
ments given  to  the  candle  flame,  and  one  inverted,  which  moves 
in  the  opposite  direction  to  the  object.   The  nearest  erect  image 
is  bright,  and  is  caused  by  reflection  from  the  surface  of  the 
cornea ;  the  next  image  is  also  erect,  though  somewhat  blurred- 
it  is  caused  by  reflection  from  the  anterior  surface  of  the  lens. 
The  third  inverted  image  is  reflected  from  the  posterior  concave 
surface  of  the  lens,  but  it  is  so  small  and  faint  that  it  is  not 
often  easily  seen  without  the  aid  of  a  convex  lens.  hen 
one  could  satisfy  one's-self  that  the  second  image  was  to  be  seen 
and  yet  the  third  was  not  formed,  the  conclusion  was  that  the 
lens  was  present,  but  opaque.   This  test  is  seldom  required  now 
but  is  sometimes  used  to  determine  whether  the  lens  is  present 
or  not ;  if  absent,  there  is  of  course  only  one  reflection  obtained, 
viz  that  from  the  cornea.   In  very  rare  cases  of  extremely  black 
cataract  the  diagnosis  may  be  facilitated  by  resorting  to  Sanson  s 

test.  1.11 

By  reflecting  the  light  into  the  eye  with  the  ophthalmo- 
scope, we  at  once  see,  in  the  form  of  black  patches  or  striae  on 
the  yeUowish-red  background,  formed  by  the  light  wliich  reaches 
the  observer's  eye  from  the  fundus,  any  opacity  or  opacities 
which  may  exist  in  the  lens,  while  when  the  cataract  is  complete 
there  is  an  absence  altogether  of  any  reflex  from  the  fundus  ot 

the  eye.  , ... 

If  the  lens  be  merely  examined  by  oblique  illumina- 
tion and  not  dioptrically  with  the  ophthalmoscope,  the  senile 
oTcyish  reflection-in  which,  too,  frequently  the  radu  dmdmg 
the  lens  into  sections  are  distinctly  visible-is  apt  to  suggest 
an  opacity  which  does  not  in  reality  exist,  and  the  transparency 
of  the  lens  can  be  at  once  seen  by  observing  the  unbroken  reflec- 
tion of  light  from  the  back  of  the  eye. 

The  only  treatment  by  which  sight  can  be  restored  without 
too  great  a  risk  of  destruction  of  the  eye  is  by  extractmg  the 

opaque  lens.  .      ^  »  .. 

This  is,  as  a  rule,  preferably  done  by  shelHng  it  out  of  its  cap- 
sule, which  must  flrst  be  ruptured, after  removal  of  a  portion  of  the 
iris.  If  a  piece  of  the  iris  be  not  excised,  there  is  considerable 
difficulty  in  properly  clearing  the  capsule  of  all  the  opaque  cor- 
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tical  substances ;  the  iris,  too,  is  apt  to  be  bruised  during  the 
expulsion  of  the  cataract,  especially  if  it  be  hard;  and,  what  is  of 
most  importance,  if  an  iridectomy  be  not  performed,  the  iris  is 
more  apt  during  the  early  stages  of  the  healing  process  to 
become  entangled  in  the  wound,  and  thus  introduce  difficulties 
which  interfere  witli  the  perfection  of  the  result  aimed  at. 

The  iridectomy  may  advantageously  be  performed  five  or  six 
weeks,or  longer, before  the  extraction, when  circumstances  permit. 
By  doing  so,  there  is  undoubtedly  slightly  less  risk  of  iritis  fol- 
lowing the  operation.  A  preliminary  iridectomy  should  always 
be  done  v/here  there  is  a  complication  with  glaucoma,  and  is 
also  advisable  in  cases  where  the  risks  of  auto-infection  are 


Fig.  46. — Case  of  incipient  senile  cataract,  as  seen  by  oblique 
illumination. 

greater  than  usual,  as  where  there  is  dacryocystitis  or  chronic 
conjunctivitis.  In  certain  cases  the  lens  may  be  removed  in  its 
capsule.  Operators  differ  as  to  the  cases  in  which  it  is  advis- 
able to  do  this.  There  can  be  little  doubt,  however,  tliat 
where  any  evident  weakness  in  the  ligament  of  the  lens  exists, 
and  still  more,  where  there  is  more  or  less  marked  subluxation, 
this  is  the  best  operation. 

The  methods  of  performing  the  different  operations  for  the 
extraction  of  cataract  are  described  in  the  chapter  on  Opera- 
tions. The  section  which  for  many  years  has  been  most 
commonly  adopted  is  one  which  lies  as  much  as  possible  in 
the  apparent  sclero-corneal  margin  throughout.  Since  the 
adoption  of  proper  antiseptic  measures,  so  much  stress  is  not 
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laid  on  the  exact  size  of  section  required  bu  there  ca^i  e 
little  doubt  that,  other  things  being  equal  the  larger  it  i  e 
more  likelihood  is  there  for  the  dreaded  suppuration  of  the 

external  wound  to  occur.  ,    ,    ,  i„  i.nc. 

AfUT-catarads  form  in  cases  in  which  the  lens  capsule  has 
been  left  in  the  eye,  and  these  opacities  may  attain  such  a  density 
as  to  render  a  subsequent  operation  necessary.    The  secondarj 
opacity  generally  forms  after  the  lapse  of  some  months,  and  xs 
the  result  of  a  proliferation  of  the  cells  of  the  anterior  capsule  a 
well  as  an  entanglement  of  cortical  substance,  which  has  not 
been  removed  at  the  time  of  extraction,  or  absorbed  during 
the  healing  process.    Where  there  is  any  inflammatory  exuda- 
tion this  becomes  matted,  too,  with  the  opaque  capsule  and 
adds  to  the  density  of  the  screen  thus  formed.  Undoubtedly, 
the  density  of  the  after-cataract  depends  to  some  extent  on 
the  manner  in  which  the  capsule  has  been  ruptured  at  the 
time  of  operation,  as  well  as  on  the  completeness  with  which 
cortical  lens  matter  has  been  removed.    Much  depends,  too  on 
the  rapidity  of  healing.   In  cases  where  the  anterior  chamber  has 
been  long  in  re-forming,  there  appears  to  be  a  greater  tendency 
to  the  proliferation  of  the  capsule  cells,  as  well  as  to  the  reten- 
tion between  the  anterior  and  posterior  portions  of  the  capsule 
of  cortical  matter,  which  is  then  not  so  readily  absorbed. 

The  operations  required  for  after-cataract  are  performed  with 
the  view  to  removing  the  opaque  screen  from  the  Ime  ot  sight 
without  removing  it  from  the  eye.    When  the  mam  opaci  y  is 
not  in  the  axis  of  ^dsion  no  operation  is  requii^ed.  Where 
severe  and  prolonged  iritis  has  followed  the  operation  for  the 
extraction  of  a  cataract,  there  is  not  only  a  denser  after-ca  aract 
formed,  but  the  pupil  is  drawn  up  to  the  wound  m  the  external 
coats  of  the  eye,  with  the  result  that  the  ^dslon  is  destroyed. 
If  under  these  circumstances,  however,  there  still  remains  some 
perception  of  light,  it  is  possible,  by  performing  the  operation 
of  iridotomy,  to  improve  matters.    The  amount  of  vision  which 
the  patient  recovers  after  such  an  operation  depends  greatly  on 
the  state  of  the  Adtreous.    Often  it  is  much  clouded  by  exuda- 
tion or  the  semi-organised  remains  of  exudation,  which  after  a 
time,  if  there  is  no  fresh  inflammation,  may  clear  away  to  a 
very  considerable  extent.    There  is  a  great  tendency  to  recur- 
rence of  inflammation,  however,  after  iridotomy,  which  on  tms 
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account  should  not  be  performed  until  the  eye  has  come  abso- 
lutely to  rest.  The  opening  should  be  made  as  large  as  possible, 
to  prevent  reclosing,  should  there  be  inflammatory  reaction. 
This  may  easily  enough  be  done  when  there  is  some  retractile 
power  in  the  iris,  but  in  cases  where  the  fibrinous  deposit  behind 
the  iris  is  dense  and  tough,  and  the  iris  itself  altered  by  in- 
fiammatory  infiltration  or  atrophied,  it  is  often  extremely 
difficult.  In  such  cases  it  is  necessary  to  cut  out  a  triangular- 
shaped  bit  of  the  opaque  screen. 

It  is  not  generally  advisable  to  undertake  any  after-cataract 
operation  before  the  lapse  of  three  months  after  extrac- 
tion, and  where  there  has  been  any  marked  inflammatory 
reaction  after  the  first  operation  the  eye  should  have  been 
absolutely  free  from  irritation  for  several  weeks  before  anything 
further  is  attempted. 

With  regard  to  extraction,  both  eyes  should  never  be 
operated  on  at  the  same  time.  This  is  a  rule  which  should  not 
be  departed  from,  although  there  is  often  a  temptation  to  operate 
on  both  when  the  operation  itself  has  gone  well  in  the  first  eye. 
The  reasons  are  obvious.  The  operation  is  itself  a  more  serious 
one  when  both  are  done ;  there  is  the  possibility  of  some  unfore- 
seen accident  happening,  independent  perhaps  altogether  of  the 
nature  of  the  operation,  and  avoidable  on  a  future  occasion,  or 
some  unfavourable  condition,  interfering  with  the  success  of  the 
first  operation,  may  necessitate  a  modification  in  the  operation 
for  extraction  in  the  other  eye. 

Only  a  very  few  instances  are  recorded  where  a  spontaneous 
cure  of  senile  cataract  has  taken  place,  owing  to  absorption 
within  the  capsule.  This  is  therefore  so  exceedingly  rare,  that 
it  need  not  be  taken  into  consideration  in  the  treatment,  and  no 
medical  treatment  is  known  which  will  promote  this  natural 
cure.  Occasionally  a  cure  is  effected  by  an  accidental  dislocation 
of  the  opaque  lens. 

After  an  extraction  of  cataract  the  eye  does  not  immediately 
recover  the  full  amount  of  sight  of  which  it  is  capable,  but  goes 
on  improving  from  day  to  day  for  a  length  of  time,  which  varies 
considerably  in  different  cases,  usually,  however,  for  at  least  a 
fortnight  or  three  weeks.  The  cause  of  this  improvement 
is  to  a  great  extent  the  absorption  which  takes  place  of  the 
cortical  matter  left  in  the  eye,  and  consequently  it  is  slower,  on 


t68      diseases  of  THE  CRYSTALLINE  LENS 

the  whole,  the  more  incomplete  has  been  the  clearing  away  of 
the  lens  substance.  In  many  cases,  too,  there  are  opacities  in 
the  cornea  which  only  slowly  clear  away  completely. 

After  the  removal  of  the  lens,  the  eye  is  of  course  left  very 
much  out  of  focus,  and  becomes  highly  hypermetropic.  The  condi- 
tion of  the  eye  when  the  lens  is  absent  is  called  ai^lutkia,  and  the 
decree  of  hypermetropia  varies  according  to  the  build  of  the  eye 
and  the  state  of  previous  refraction.    The  higher  the  previous 
hypermetropia,  the  higher  of  course  is  the  aphakic  hypermetropia ; 
whereas,  on  the  other  hand,  there  is  less  hypermetropia  m  an 
aphakic  eye,  the  higher  has  been  the  previous  degree  of  myopia. 
Sometimes  the  previous  myopia  has  been  exactly  sufficient  to 
neutralise  the  refractive  change  produced  by  the  operation,  so 
that  emmetropia  is  the  result,  or  there  may  even  be  some 
myopia  left  after  the  lens  has  been  removed.    Much  the  most 
frequently,  however,  convex  glasses  are  required  before  any 
distinct  retinal  images  are  formed;  and  as  with  the  absence  of 
the  lens  there  is  an  impossibility  of  any  accommodation  of  the 
eye,  absolutely  clear  images  can,  with  the  same  glass,  be 
received  from  objects  at  one  distance  alone.    The  practical 
result  of  this  is,  that  at  least  two  different  strengths  of  glasses 
have  to  be  worn,  one  for  distant  vision,  and  the  other  for 
reading.    If  the  eye  has  been  previously  emmetropic,  the  glass 
which  is  required  for  distant  vision  is  usually  +  lO'O,  while  for 
reading  +  14-0  or  +  15'0  suffice. 

Vision  is  often  improved  by  the  addition  of  a  cyHndrical 
lens  to  the  spherical  one,  as  some  astigmatism  is  frequently 
acquired,  owing  to  a  flattening  of  the  cornea  in  a  direction  at 
right  angles  to  the  incision.  It  is  some  time  before  complete 
consolidation  of  the  cicatrix  leads  to  a  final  shape  of  the 
cornea,  so  that  it  is  not  advisable  to  prescribe  the  sphero- 
cylindrical spectacles  until  the  astigmatism  has  acquired  its 
permanent  degree.  There  is  some  difference  of  opinion  as  to 
when  spectacles  may  be  worn.  Reading  should  certainly  not 
be  allowed  until  three  or  four  weeks  have  elapsed  since  all  red- 
ness has  disappeared  from  the  eye.  There  is  generally  no  harm 
in  permitting  the  use  of  distant  glasses  a  month  after  opera- 
tion, if  the  healing  process  has  been  normal  throughout. 

Two  forms  of  juvenile  or  congenital  cataract  are  of  com- 
mon occurrence,  viz. — lamellar  cataract,  which   is  a  partial 
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cataract,  i.e.,  one  in  which  the  opacity  only  involves  part  of  the 
lens,  and  complete  congenital  cataract. 

Lamellar  cataract  is  probably  most  frequently  congenital, 
although  it  undoubtedly  often  makes  its  appearance  in  early 
childhood.  In  the  great  majority  of  cases  it  exists  in  both 
eyes,  though,  as  a  rare  occurrence,  it  is  found  in  one  alone. 


T  T 

Fig.  47.— Case  of  lamellar  cataract ;  oblique  illumination. 


J  1  - 

Fig.  48. — Lamellar  cataract ;  ophthalmoscopic  illumination. 

The  degree  of  visual  disturbance  which  it  causes  varies  very 
considerably  according  to  the  density  of  the  opacity  and  the 
amount  of  lens  substance  which  it  involves.  In  some  cases 
the  density  of  the  opacity  is  so  slight  that  hardly  any  defect  of 
vision  is  produced.  In  other  cases,  again,  a  high  degree  of 
blindness  results  from  a  dense  opacity.  Between  these  two 
extremes  all  degrees  of  visual  disturbance  are  met  with.  The 
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condition  interferes  to  some  extent,  though  probably  never 
completely,  with  accommodation,  and_  is  often  associated  with 
aenerally  only  a  slight  degree  of  myopia. 

'     When  a  lamellar  cataract  is  examined  by  obhque  illumination 
(see  Fig.  47),  the  first  appearance  that  strikes  one  is  a  tolerably 
uniform  greyish  opacity,  which  does  not  extend  as  far  as  the 
equator  of  the  lens,  and  is  more  dense  at  its  margins,  from  which 
often  a  few  strife  pass  towards  the  capsule.    On  closer  examina- 
tion the  lamellar  nature  of  the  cataract  can  often  be  made  out, 
that  is  to  say,  it  is  not  difficult,  as  a  rule,  to  satisfy  one's-self  that 
the  opacity  is  limited  to  one  or  more  contiguous  lamella,  withm, 
as  well  as  external  to  which,  the  lens  is  transparent.   The  cause 
of  the  crreater  darkness  of  the  margin  is  the  greater  relative 
opacity  which  is  caused  by  the  anterior  and  posterior  portions  of 
the  intransparent  fibres  meeting  here.   In  this  way,  too,  lamellar 
cataract  differs  greatly  from  other  forms  of  cataract,  which  are 
usually  darkest  at  the  centre  where  the  opacity  is  deepest.  It  is 
seldom  that  the  opaque  layers  instead  of  being  contiguous,  enclose 
transparent  lamella.  The  opacity  occupies  very  different  lameUct; 
in  different  cases,  and  consequently  the  diameter  of  the  opaque 
area  differs ;  there  is  never,  however,  an  opacity  of  the  layers 
immediately  under  the  capsule.    In  some  cases  short  stria  are 
to  be  seen,  both  in  the  anterior  and  posterior  cortex.    To  these 
the  Germans  have  given  the  name  of  "  Eeiterchen,"  owing  to  the 
way  in  which  they,  as  it  were,  ride  on  the  edge  of  the  more  diffuse 
opacity.   They  are,  in  fact,  the  equatorial  portion  of  a  commenc- 
ing more  peripheral  lamellar  opacity,  which,  however,  does  not 
always  become  complete.    The  cause  of  the  opacity  appears  to 
be  some  arrest  of  development,  at  a  time  during  mtra-uteriue 
life  or  early  infancy,  when  the  opaque  layers  were  the  most 
superficial.    There  is  little  doubt  that  it  is  a  rachitic  change, 
and  is  sometimes  associated,  as  was  first  pointed  out  by  Horner, 
with  absence  or  defect  of  enamel  on  some  of  the  teeth.    I  have 
most  frequently  seen  this  defect  in  the  canines,  and  m  one  ot 
the  few  cases  in  which  I  have  observed  the  cataract  confined  to 
the  one  side,  there  was  an  absence  of  enamel  on  the  canine  on 
the  same  side,  while  in  another  case,  that  of  the  opposite  side 
only  was  defective.    In  not  a  few  cases  of  this  form  of  cataract 
there  is  distinct  evidence  of  heredity. 

Lamellar  cataract  usually,  though  by  no  means  invariably 
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remains  stationary.  Cases  exhibiting  the  equatorial  stria 
(Eeiterchen)  are  more  likely  to  progress  to  more  complete 
opacity  at  some  time  or  other  than  are  those  with  a  sharply 
defined  edge.  It  is  often  overlooked  until  the  patient  attends 
school,  and  attention  is  drawn  to  it  by  the  accompanying 
amblyopia  or  myopia.  The  amount  of  amblyopia  is  very  vari- 
able in  different  cases. 

The  operations  performed  for  this  form  of  cataract  are 
iridectomy,  removal  of  the  lens  by  discission,  and  extraction. 
Where  there  seems  a  likelihood  of  improving  vision  by  displacing 
the  pupil,  which  can  be  inferred  when  the  vision,  with  proper 
optical  correction  if  necessary,  is  improved  by  dilatation  of  the 
pupil,  there  can  be  no  reason  for  abstaining  from  performing 
iridectomy,  even  when  the  amblyopia  is  comparatively  slight. 
Eemoval  of  the  lens,  on  the  other  hand,  is  attended  not  only 
with  some  risk — certainly  very  slight — but  also  introduces  more 
inconvenience  by  rendering  all  accommodation  impossible,  and 
should  not  be  undertaken  unless  vision  is  less  than  one-third  of 
the  normal.  The  choice  of  operation  is  in  some  measure  influ- 
enced by  the  conditions  as  to  probable  progression  of  the  opacity. 
Where  there  is  good  reason  to  believe  that  a  recent  deterioration 
in  vision  has  taken  place,  which  is  not  due  to  increasing  myopia, 
discission  may  be  performed  even  although  the  visual  acviity  is 
greater  than  one-third  of  the  normal.  In  most  cases  for  which 
iridectomy  is  performed,  it  should  be  done  upwards,  as  it  might 
be  necessary  at  some  later  period  to  extract  the  lens.  In  this 
situation,  besides,  it  is  less  unsightly,  and  less  liable  to  cause 
any  disagreeable  dazzling. 

Congenital  total  cataract  is  usually  soft,  and  involves  all  the 
layers  of  the  lens.  It  is  frequently  also  complicated  by  a 
capsular  opacity  as  well.  These  cataracts,  too,  undergo  further 
changes  in  the  course  of  time,  and  become  shrivelled  up  and 
membranous,  or  in  part  calcareous.  Degenerative  changes, 
which  take  place  in  the  suspensory  ligament,  often  lead  to  their 
eventual  dislocation.  Alfred  Graefe  drew  attention  some  years 
ago  to  a  peculiar  variety  of  congenital  cataract,  in  which  the 
opacity  is  mainly  cortical,  while  a  sclerosed  nucleus  occupies  the 
centre  of  the  lens.  The  best  treatment  for  this  form  is  to  extract, 
just  as  in  senile  cataract.  The  more  common  form  only  requires 
discission,  though,  when  calcareous  patches  exist,  this  has  often 
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to  be  followed  very  soon  by  evacuation  of  the  swollen  lens 
substance,  as  well  as  of  the  calcareous  patches,  through  a 
small  Imear  incision  in  the  periphery  of  the  cornea,  owing  to 
the  irritation  which  the  calcareous  matter  often  produces  when 
it  lies  in  the  anterior  chamber.    In  the  shrunken  membranous 
cases,  with  opacity  of  the  capsule  as  well,  the  most  satisfactory 
result  is  obtained  by  dragging  the  whole  out  of  the  eye.  This 
is  apt  to  cause  irritation  unless  done  carefully.    The  membrane 
should  be  seized  with  a  pair  of  capsule  forceps,  and  very  gently 
and  slowly,  and,  as  it  were,  coaxingly  drawn  out.    If  the  resist- 
ance be  very  great,  as  much  as  will  come  without  too  great 
traction  may  be  cut  off  with  the  iris  scissors,  and  the  rest  left. 
Sometimes,  instead  of  extracting,  it  is  possible  to  get  a  good 
hole  in  the  membrane  with  one  or  two  cataract  needles,  or  by 
cutting  it  across  with  a  pair  of  de  Wecker's  scissors.  The 
toughness  of  the  structures  generally,  however,  renders  such 
efforts  not  very  successful. 

Secondary  cataract  most  frequently  begins  with  an  opacity 
of  the  posterior  portion  of  the  lens— what  is  called  posterior 
polar  cataract— i^ndi  is  often  very  slow  in  advancing  to  other 
parts  of  the  lens.  The  opacity  is  the  result  of  malnutrition, 
and  is  most  commonly  met  with  where  there  is  disease  of  the 
vitreous,  retina,  or  choroid.  An  opacity  beginning  at  the  pos- 
terior pole  should  always  raise  a  suspicion  of  being  secondary, 
and  it  will  generally  be  found  that  the  vision  does  not  corre- 
spond to  the  opacity,  and  that  changes  are  to  be  seen  with  the 
ophthalmoscope  in  the  deeper  parts  of  the  eye.  An  opacity  of 
the  posterior  capsule  rarely  occurs,  and  is  apparently  mainly 
produced  by  deposition  on  it  from  the  vitreous. 

Stationary  partial  cataracts,  in  which  the  opacities  are  sharply 
dehned  and  punctiform  or  irregularly  linear  in  shape,  and  m 
different  parts  of  the  lens,  are  occasionally  met  with.  They 
rarely  produce  any  great  defect  of  vision. 

Capsular  Catakaot  may  exist  without  any  accompanying 
opacity  of  the  lens.  It  is  most  commonly  in  the  form  of  what 
is  called  pyramidal  cataract— 'c^  conical  protrusion  of  a  central 
portion  of  the  anterior  capsule,  which  is  at  the  same  time 
densely  opaque. 

Sometimes  pyramidal  cataract  is  congenital,  and  then  almost 
invariably  bHateral.    The  pathology  of  this  variety  is  not  clear. 
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but  it  seems  to  be  the  result  of  a  retardation  in  the  closure 
of  the  capsule.  As  a  rule,  however,  the  capsular  opacity  is 
set  up  when  the  lens  is  for  some  time  pressed  up  against  the 
back  of  the  cornea,  after  a  perforation  due  to  ulceration. 
Under  these  conditions,  a  proliferation  and  fatty  and  fibrinous 
degeneration  takes  place  in  the  cells  lining  the  capsule,  and  the 
homogeneous  capsule  itself  is  protruded  in  front  of  this.  In 
consequence  of  this  origin,  there  is  almost  always  to  be  seen 
some  scar  in  the  cornea  indicating  the  position  of  the  per- 
foration. In  many  cases  this  is  extremely  faint,  as  the 
perforation  has  usually  taken  place  in  infancy,  as  the  result  of 
ophthalmia  neonatorum,  and  the  cicatricial  tissue  has  gradually 


Fig.  49. — Punctiform  cataract  with  capsular  changes. 

assumed  an  almost  complete  transparency.  Often  there  is 
nystagmus  in  eyes  with  pyramidal  cataract,  and  the  vision 
is  found  to  be  more  defective  than  can  be  accounted  for  by  the 
limited  opacity.  The  combination  of  pyramidal  cataract  with 
nystagmus  is  indeed  almost  a  certain  evidence  of  pre-existiug 
ophthalmia  neonatorum,  or  very  early  and  extensive  ulceration 
of  the  cornea. 

Traumatic  Cataract. — The  transparency  of  the  lens  depends, 
under  normal  conditions  of  nutrition,  on  the  integrity  of  the 
capsule.  As  soon  as  there  is  a  breach  in  its  continuity,  there 
is  a  great  tendency  for  the  lens  fibres  to  become  opaque.  The 
most  common  cause,  then,  of  traumatic  cataract,  is  a  wound  of 
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the  lens  capsule.  A  severe  blow  on  the  eye,  without  any  pene- 
trating wound,  is— in  rare  instances,  however-followed  by 
cataract,  which  must  consequently  be  considered  traumatic.  In 
such  cases  it  is  doubtful  whether  the  capsule  is  ruptured  or  not. 
Probably  in  all  cases  where  a  rapid  opacity  takes  place  it  is ; 
indeed  in  some  the  rupture  can  be  seen.  In  others,  again,  in 
which  cataract  slowly  forms,  the  accompanying  changes  m  the 
eye  produced  by  the  injury  must  be  supposed  to  have  m  some 
way  caused  an  interference  with  the  nutrition  of  the  lens. 

It  is  extremely  rare  that  the  capsule  is  injured  without  being 
perforated,  as  it  is  not  often  that  the  body  which  has  perforated 
the  external  coat  of  the  eye  penetrates  just  sufficiently  to  scratch 
the  capsule  and  no  more.  Only  two  instances  of  an  accident  of 
this  nature  have  come  under  my  own  observation.  They  both 
happened  in  the  same  manner.  The  eye  was  struck  by  a  piece 
of  iron  which  ruptured  the  cornea  and  allowed  the  aqueous  to 
escape,'  while  small  portions  of  rust  remained  in  the  corneal 
wound  While  the  anterior  chamber  was  empty,  and  the  lens 
lay  up  aaaiust  the  back  of  the  cornea,  the  patients  had  rubbed 
their  eyes,  and  the  small  portions  of  rust,  which  projected 
slightly  from  the  back  of  the  cornea,  were  thus  scratched  across 
the  capsule,  and  remained  attached  to  it. 

If  the  hole  made  in  the  capsule  be  very  small,  it  may  some- 
times heal  without  any  opacity  of  the  lens  resulting.  But  even 
small  ruptures,  bv  admitting  the  aqueous  humour  mto  contact 
with  the  lens  fibres,  are  apt  to  lead  to  cataract ;  an  extensive 
rupture  invariably  does  so,  and  some  of  the  lens  substance 
usually  escapes  into  the  anterior  chamber,  where  it  swells  up, 
breaks  down,  and  becomes  absorbed. 

The  results  obtained  by  treatment  in  the  case  of  traumatic 
cataract  are  on  the  whole  very  much  less  favourable  than  for 
any  other  form  of  cataract.  This  is  mainly  on  account  of  the 
liability  that  there  is  for  other  parts  of  the  eye  to  be  involved 
in  the  injury,  or  to  become  inflamed  subsequently.  Much 
depends,  too,  upon  whether  or  not  septic  matter  is  mtroduced 
into  the  eye  by  the  body  with  which  it  is  wounded.  The  worst 
cases  are  those,  of  course,  in  which  a  foreign  body  is  lodged  m 
the  eye  When  the  wound  in  the  capsule  is  large,  and  a 
considerable  proportion  of  the  lens  matter  falls  into  the  anterior 
chamber,  a  good  deal  of  irritation  is  often  set  up,  even  when 
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there  is  no  septic  element  present.  This  is  more  likely  to 
happen  in  adults,  in  whom  the  lens  is  harder  and  more  irritating 
than  in  young  individuals. 

The  treatment  in  all  cases  where  the  cataract  has  been 
caused  by  a  perforating  wound,  should  consist  in  bathing  the 
e3'e  frequently  with  a  weak  solution  of  corrosive  sublimate,  and 
in  keeping  the  pupil  well  dilated,  if  possible,  with  atropine. 
Where  there  is  much  irritation,  a  careful  examination  should 
be  made,  in  order,  if  possible,  to  determine  the  cause  of  it. 
If  the  rupture  has  been  small,  the  lens  is  often  found  to  be 
swollen  in  its  capsule ;  and  when  this  is  the  case,  a  larger 
opening  should  be  made  with  a  cataract  needle,  followed  in  a 
couple  of  days  by  removal  through  a  linear  incision  of  as 
much  of  the  opaque  lens  as  can  be  got  away  without  any 
great  difficulty.  If  the  irritation  be  due  to  lens  matter  lying 
in  the  anterior  chamber,  a  linear  extraction  may  be  performed 
at  once.  When  it  is  evident  that  septic  matter  has  been 
introduced,  it  is  a  good  plan  to  combine  the  extraction  with  a 
good -sized  iridectomy,  and  to  freely  irrigate  the  anterior 
chamber  with  corrosive  sublimate  solution  (1  in  5000),  after- 
wards using  antiseptic  dressings.  An  eye  may  sometimes  be 
saved  in  this  way,  thovigh  at  the  risk  of  more  or  less  per- 
manent opacity  of  the  cornea,  owing  to  destruction  of  the 
epithelium  lining  its  posterior  surface.  When  complicated 
with  prolapse  of  iris,  the  prolapsed  portion  should  generally  be 
excised,  and  the  opaque  lens  matter  as  much  as  possible  removed 
through  the  corneal  wound.  In  cases  where  the  irritation  is 
shght,  and  tends  to  subside  under  simple  treatment,  it  is,  as  a 
rule,  better  to  leave  the  cataract  alone  until  the  eye  has  come 
completely  to  rest.  Absorption  often  goes  on  without  any 
interference,  or  may  be  hastened  when  slow,  by  stirring  up 
the  lens  once  or  twice  with  the  cataract  needle.  Even  under 
apparently  exactly  similar  conditions  as  to  age,  size,  and  position 
of  capsular  wound,  &c.,  there  are  considerable  individual  differ- 
ences in  the  time  taken  for  complete  absorption.  This  is  the 
same,  too,  in  the  case  of  the  diffuse  traumatic  opacity,  which  is 
produced  by  needling  for  lamellar  cataract. 

A  traumatic  cataract,  instead  of  becoming  absorbed,  may 
undergo  different  changes,  which  are  for  the  most  part  similar 
to  those  already  described  as  occurring  in  other  over -ripe 
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cataracts.  Very  rarely  there  is  the  formation  of  true  bone  in 
the  lens.  In  such  cases  it  is  always  present  in  the  choroid  as 
well.  Ossification  never  takes  place  unless  the  capsule  has 
been  ruptured,  therefore  only  in  traumatic  cases. 

Besides  by  absorption,  there  is  another  way  in  which  trau- 
matic cataract  may  undergo  a  spontaneous  cure.  A  gradual 
clearing  up  of  the  opacity  may  take  place.  This  is  only  met 
with,  and  that  very  rarely,  when  the  capsular  wound  has  been 
small  and  rapidly  closed,  while  the  opacity  in  the  lens  itself 
has  been  limited  to  the  track  of  the  body  with  which  the  eye 
has  been  wounded. 

Traumatic  cataract  may  be  produced  by  wounds  from 
almost  every  object  which  could  possibly  be  imagined  to  be 
capable  of  penetrating  the  eye  :  knives,  forks,  scissors,  needles, 
pens,  &c.,  are  the  more  common  instruments  which  produce 
a  wound  without  remaining  in  the  eye.  An  extremely  common 
manner  by  which  the  lens  is  wounded  is  with  a  fork,  which 
is  often  used  by  children  to  unfasten  their  shoe-laces.  This 
accident  is  most  frequently  a  severe  one,  as,  apart  from  the 
double  wound  produced  by  the  two  prongs,  septic  matter  is 
generally  carried  into  the  eye. 

It  is  a  common  enough  thing  for  the  patients  themselves, 
or  those  who  come  with  them,  to  deny  any  accident.  When 
the  iDresence  of  a  cicatrix  in  the  cornea  renders  it  certain  that 
there  must  have  been  one,  and  this  is  explained  to  them,  they 
will  then  often  admit  it.  A  unilateral  cataract  in  a  young 
individual  is,  in  fact,  almost  invariably  traumatic,  although 
some  difficulty  is  experienced  sometimes  in  finding  any  trace  of 
the  situation  in  which  the  eye  has  been  penetrated. 

Cataract  proditced  Uj  lightning  has  been  observed,  but 
as  it  is  preceded  by  other  disturbances  of  vision,  it  is  more 
properly  a  complicated  than  a  traumatic  cataract  in  the  clinical 
sense. 

It  is  just  possible,  however,  that  the  strong  light  may  have 
something  to  do  with  its  production.  The  lens  absorbs  the  more 
actinic  rays  of  light  and  may  experience  some  abnormal  mole- 
cular change  which  interferes  with  its  nutrition  when  it  is 
directly  exposed  to  an  exceptionally  powerful  light. 

Attempts  have  been  made  to  produce  cataract  in  animals  by 
subjecting  them  to  strong  light.    Hitherto  they  have  not  afforded 
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very  conclusive  evidence  that  the  lens  may  be  directly  rendered 
opaque  in  this  way. 

Glass  -  Blotuers'  Cataract.  —  Glass-blowers  are  subject  to 
cataract,  which  more  frequently  seems  to  affect  the  left  eye, 
or,  at  all  events,  to  begin  in  the  left  eye.  I  have  seen  several 
cases  of  this  form  of  cataract.  There  can  be  no  doubt  that 
the  occupation  in  some  way  favours  the  occurrence  of  opacity 
of  the  lens.  Probably  it  is  the  action  of  powerful  actinic 
rays.  In  one  case  which  came  under  my  treatment  lately  there 
was  a  large  patch  of  eczema  on  the  left  cheek  and  left  side  of 
the  nose,  the  cataract  being  also  in  the  left  eye.  The  curious 
preponderance  of  the  cataract  in  the  left  eye  is  due  evidently 
to  the  position  in  which  the  head  is  held  in  blowing.  This 
position  not  only  brings  the  left  eye  nearer  the  glowing  glass, 
but  brings  the  right  eye  under  the  protection  of  the  nose. 

Dislocation  of  the  Lens. — In  order  that  the  lens  may  be 
displaced,  some  rupture  or  destruction  or  weakening  must  take 
place  in  some  part  of  the  zonule  of  Zinn.  Dislocation  occurs 
traumatically  and  idiopathically ;  in  the  latter  case  also  con- 
genitally.  Dislocation,  whether  traumatic  or  idiopathic,  may  be 
complete  or  partial. 

A  partial  dislocation  or  subluxation  of  the  lens  exists  when 
some  portion  is  tilted  out  of  position  whilst  the  centre  remains 
in  its  place.  The  tilting  may  be  of  one  side  forwards,  i.e., 
round  a  vertical  axis,  or  of  the  upper  or  lower  edge  forwards, 
or  round  a  horizontal  axis,  or  any  intermediate  axis  of  twist 
may  occur.  The  partially  dislocated  lens  often  remains  clear, 
and  the  diagnosis  may  consequently  be  difficult  if  the  degree 
of  displacement  be  slight.  Astigmatism  following  a  blow 
on  the  eye  may  be  due  to  a  slight  displacement  of  the  lens 
of  this  nature,  and  is  often  then  associated  at  the  same  time 
with  a  slightly  wrinkled  condition  of  the  capsule.  When  the 
subluxation  is  at  all  marked,  a  pushing  forwards  of  the  iris  at 
one  portion,  and  a  consequent  shallowing  of  the  corresponding 
portion  of  the  anterior  chamber  is  observed,  with  a  tremulous- 
ness  of  the  iris  in  the  opposite  direction.  There  is  then  no 
difficulty  in  the  diagnosis,  especially  when  the  pupil  is  well 
dilated,  and  the  edge  of  the  lens,  often  slightly  serrated,  is  to 
be  seen  with  the  ophthalmoscope. 

Complete  dislocation  takes  place  into  the  vitreoiis,  or 
12 
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forwards  into  the  anterior  chcmler,  or,  in  case  of  rupture  of 
the  sclera,  suhconjunetivally.  The  first  is  the  most  common. 
The  dislocation  may  be  so  complete  that  the  lens  is  entirely 
removed  from  the  line  of  sight,  and  lies  at  the  l.ottom  of 
the  vitreous  chamber,  where  it  may  remain  for  long  trans- 
parent, though  as  a  rule  it  very  rapidly  becomes  opaque 
men  the  vitreous  is  fluid,  the  dislocated  lens  bobs  up  and 
down  with  the  movements  of  the  eye.  More*  commonly 
the  dislocation  is  not  so  complete,  so  that  the  edge  of  the 
lens  can  be  seen  with  the  ophthalmoscope.  A  traumatic  dis- 
location is  very  frequently  associated  with  a  separation  of  the 
peripheral  attachment  of  a  portion  of  the  iris  (irido-dialysis) 


YiG.  50.— Traumatic  dislocation  of  the  lens  from  a  blow  at  the  point  x . 

or  inversion  of  the  iris,  either  complete  or  partial  (see  Fig. 
50).    Often  in  the  case  of  idiopathic  dislocation  the  lens  has 
been  previously  opaque,  and  vision  may  even  be  improved  by 
the  dislocation.    An  idiopathic  dislocation  is  mainly  met  with 
in  cases  of  disease  of  the  vitreous  (see  Fig.  51).    The  intimate 
connection  between  the  zonule  and  the  hyaline  membrane  of  the 
vitreous  brings  about  a  participation  of  the  ligament  in  disease 
of  the  vitreous.    Dislocation  into  the  anterior  chamber  is  not 
nearly  so  common.    It  mostly  takes  place  in  cases  where  the 
lens  is  small  and  calcareous,  but  full-sized  transparent  lenses 
are  occasionally  dislocated  in  this  direction.    They  often  then 
remain  transparent  or  semi-transparent  for  a  long  time.  It 
would  appear  that  a  certain  proportion  of  cases  of  dislocation  of 
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the  clear  lens  forwards  are  cases  in  which  there  previously 
existed  congenital  displacement.  In  a  number  of  cases  of  this 
accident  which  have  come  under  my  own  observation,  I  have 
not,  however,  been  able  to  confirm  this  connection.  The  two 
forms  of  dislocation  described  are  very  apt  to  set  up  irritation 
with  increased  intraocular  tension.  This  is  most  likely  to  occur 
in  the  traumatic  cases,  and  not,  in  my  experience,  more  commonly 
in  tlie  one  form  than  the  other,  although  probably  the  eye  of  a 
young  indi^ddual  at  least  could  more  readily  tolerate  a  dislocation 
backwards  than  forwards. 

As  to  treatment,  interference  is  only  called  for  when  the  con- 
dition gives  rise  to  irritation.    The  dislocated  lens  should  then  be 


Fig.  51. — Idiopathic  dislocation  of  the  lens  :  ectopia  lentis. 

extracted.  In  order  to  do  this  successfully  care  should  be  taken 
to  make  a  sufficiently  large  incision.  When  the  lens  lies  in 
the  anterior  chamber  there  is  no  occasion  for  attempting,  what 
indeed  I  have  always  found  impossible  in  the  case  of  a  full-sized 
clear  lens,  to  avoid  wounding  it  with  the  knife  in  making  the 
incision,  which  should  be  downwards.  Some  vitreous  generally 
escapes,  too,  but  this  cannot  well  be  avoided.  More  difficulty  is 
experienced  sometimes  in  the  extraction  of  a  backwardly  dis- 
placed lens.  In  such  cases,  after  making  a  large  incision,  a  scoop 
has  usually  to  be  used  for  removing  the  lens.  Different  methods 
of  fixing  the  lens  in  some  definite  position  before  extracting 
have  been  devised,  but  these  as  a  rule  are  not  necessary. 

Subconjunctivcd  dislocation  (see   Fig.  52)  is   only  caused 
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traumatically.    It  occurs  almost  invariably  in  adults,  in  whom 
the  elasticity  of  the  sclera  is  less  than  m  young  individual  ^ 
As  a  rule,  if  not  invariably,  the  rupture  of  the  sclera  and 
escape  of  the  lens  take  place  upwards,  and  astonishingly  little 
reaction  follows  the  injury.    There  is  generally  a  good  deal  o 
haemorrhage  at  the  time,  so  that  the  parts  are  not  well  seen^but 
the  lens  is  easily  made  out,  lying  below  the  conjunctiva  When 
the  wound  in  the  sclera  has  healed,  it  has  a  dirty  bluish 
colour,  owing  to  an  entanglement  in  the  cicatrix  of  pigment 
from  the  ciliary  body  and  iris.  _ 

The  treatment  consists  in  incising  the  conjunctiva,  so  as  to 
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Fig.  52.— Subconjunctival  dislocation  of  the  lens. 

permit  ot  the  escape  of  the  lens.  This  should  generally  be  done 
L  soon  as  possible,  especially  if  a  portion  of  lens  is  mcluded 

within  the  lips  of  the  wound. 

Complete  expulsion  of  the  lens  from  the  eye  sometimes, 
though  comparatively  rarely,  takes  place  as  the  resul  of  acci- 
dent It  is  more  common  for  it  to  escape  through  a  laigc 
perforating  ulcer  of  the  cornea,  after  which  the  eye  generally 


Congenital  displacement  of  the  lens,  or  ectovia  Icntis,  occurs 
mostly  upwards,  or  upwards  and  inwards,  and  ^jP--;;^^  ^ 
wards    It  is  often  met  with  in  several  members  of  the  same 
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family,  and  is  hereditary.  The  defects  of  vision  depend  to  a 
great  extent  on  the  amount  of  displacement.  As  a  rule,  the 
patient  directs  his  attention  either  to  the  images  formed  by 
refraction  through  the  lens,  or  to  those  formed  by  the  rays 
which  reach  the  retina  without  passing  through  the  lens.  The 
manner  in  which  he  sees  depends  partly  on  the  extent  of  the 
displacement,  and  partly  on  the  state  of  refraction  with  or 
without  the  intervention  of  the  lens.  Usually  the  rays  passing 
through  the  lens  are  too  strongly  refracted,  those  passing  by  the 
side  of  it  too  weakly  refracted,  so  that  in  the  first  case  there  is 
myopia,  and  in  the  second  hypermetropia.  Whether  the  vision 
is  most  improved  by  concave  or  convex  glasses  can  as  a  rule 
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Fig.  53. — Coloboma  of  lens  from  a  case  of  Sym's. 

only  be  determined  on  trial.  Sometimes  they  are  equally  good, 
but  the  one  produces  more  diplopia  than  the  other.  On  the 
whole,  the  monocular  diplopia  to  which  the  condition  gives  rise 
is  more  evident  when  the  refraction  is  corrected  than  when  no 
glass  is  worn.  The  improvement  in  vision  is,  however,  in  some 
cases,  very  great,  and  the  diplopia  soon  ceases  to  cause  any 
annoyance. 

Ectopia  is  due  to  a  faulty  development  of  one  portion 
of  the  zonule.  It  probably  always  occurs  in  both  eyes,  and  is 
frequently  associated  with  a  defect  in  the  power  of  conver- 
gence. A  traumatic  dislocation  into  the  anterior  chamber  is 
more  likely  to  occur  where  there  is  a  congenital  displacement 
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than  where  the  lens  is  m  its  normal  situation.  Notwithstand- 
ing the  displacement  the  lenses  remain  transparent  throughout 
life. 

Two  very  much  rarer  malformations  of  the  lenticular  system 
are  met  with :— (1.)  Golohoma  lentis,  or  a  defect  in  the  lens.  This 
only  occurs  in  cases  where  a  large  and  continuous  coloboma 
exists  of  the  choroid  as  well.  And  (2.)  what  has  been  called 
Zenticonus,  and  described  as  a  conical  protrusion  of  the  lens, 
very  much  resembling  keratoconus.  In  lenticonus  we  find,  on 
iUuminating  the  pupil  with  the  ophthalmoscope,  that  every 
movement  of  the  mirror  causes  crescentic  lights  and  shadows 
to  play  round  an  enclosed  circular  area.  Within  this  area, 
which  is  smaller  than  the  pupil,  retinoscopic  shadows  show 
myopia.  Outside  it  there  may  be,  and  generally  is  found  to  be, 
hypermetropia. 

Three  parasites  are  said  to  have  been  found  in  the  human 
lens— species  of  Filaria,  Monostoma,  and  Distoma. 


CHAPTER  VI. 


DISEASES  OF  THE  EET1^^^A  AND  OPTIC  NEEVE. 
Diseases  of  the  Eetina. 

Very  considerable  physiological  differences  exist  in  the  degree 
of  vascularity  of  the  retina — that  is,  in  the  degree  shown  by  the 
colour  and  appearance  of  the  vessels.  On  this  account,  and  also 
because  the  magnification  of  the  ophthalmoscopic  image  is  not 
sufficiently  great  for  the  detection  of  small  differences  in  the 
size  of  the  vessels,  it  is  impossible  to  draw  a  hard  and  fast  line 
between  the  normal  state,  and  deviations  in  the  direction  of 
anaemia  on  the  one  hand,  and  hypersemia  on  the  other.  For 
these  reasons,  too,  as  well  as  for  others, connected  with  peculi- 
arities of  the  intraocular  circulation,  the  observed  condition  of 
the  retinal  vessels  does  not  afford  by  any  means  as  delicate  an 
indication,  either  of  the  state  of  the  cerebral  circulation,  or  of 
the  heart,  as  might  be,  and  indeed  has  been  supposed. 

Schultc^n,  who  has  studied  this  question  very  thoroughly 
from  the  experimental  side,  has  pretty  conclusively  shown  that 
when  there  is  increased  afflux  of  blood  to  the  brain  without  col- 
lateral hypersemia,  a  similar  afflux  must  take  place  to  the  ocular 
vessels.  A  passive  hyperaemia  of  the  brain,  owing  to  impeded 
venous  circulation,  need  not,  however,  affect  the  eye,  as  the  ocular 
veins  have  other  channels  into  which  they  can  empty  themselves 
besides  the  cerel^ral  sinus,  a  thrombosis  of  which  might  therefore 
occur  without  influencing  the  circulation  within  the  eye.  When 
the  venous  impediment  lies  farther  off,  in  the  jugular  vein  or  in 
the  thorax,  there  will  be  at  the  same  time  a  visible  interruption 
in  the  circulation  within  the  eye.  Interruption  in  the  carotid 
circulation  affects  the  eyes,  althougli  the  antemia  which  this 
causes  may  not  be  apparent.  In  aortic  stenosis,  for  instance, 
by  maintaining  pressure  with  the  finger  on  the  eye  while  exam- 
ining with  the  ophthalmoscope,  the  prolonged  wave  of  pulsation 
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can  be  well  seen  and  distinguished  from  the  sharp  beat  which 
occurs  under  similar  circumstances  in  normal  conditions  of 
the  circulation.  In  aortic  regurgitation  there  may  or  may  not 
be  spontaneous  pulsation  of  the  retinal  artery  and  vein.  This 
depends  on  the  degree  of  compensation,  or  on  whether  or  not 
there  are  other  complications;  if  the  mitral  is  also  affected  there 
is  usually  no  pulsation. 

Venous  pulsation  is  often  seen,  most  frequently  on  the  disc, 
and  is  not  necessarily  indicative  of  any  pathological  condition. 
It  usually,  indeed,  depends  upon  some  interruption  in  the  vessel 
itself,  where  it  bends  suddenly  round  an  artery  or  some  part  of 
the  nerve. 

Spontaneous  arterial  pulsation  is  pathological,  and  indicative 
either  of  some  general  circulatory  disturbance,  sometimes  only 
increased  cardiac  action,  or  of  increased  intraocular  tension. 
When  there  is  increased  tension  alone,  what  is  seen  is  a 
quick  flash  of  blood  rapidly  distending  one  or  more  of  the  more 
or  less  collapsed  arterial  trunks  on  the  disc  synchronously  with 
each  heart-beat.  On  the  other  hand,  the  pulsation  sometimes, 
but  by  no  means  invariably,  seen  where  there  is  some  diseased 
condition  of  the  aortic  valve,  is  a  comparatively  gradual  dilata- 
tion of  the  artery,  producing  often  at  the  same  time  a  visible 
movement  of  the  vessel.  This  form  of  pulsation,  too,  is  not 
confined  to  the  trunks  on  the  disc,  but  is  often  more  distinctly 
seen  at  other  parts,  particularly  where  the  vessels  divide  or 
make  sharp  turns. 

Vascular  changes  in  the  brain  need  only  appear  simul- 
taneously in  the  eye  when  the  cause  of  such  changes  is  a  central 
one— that  is,  due  to  irritation  or  paralysis  of  the  vasomotor 
centre  in  the  medulla.  An  increase  or  diminution  m  the 
amount  of  cerebro-spinal  fluid,  giving  rise  to  altered  conditions 
of  the  brain,  need  not  affect  the  circulation  in  the  eye,  thoug'h 
such  conditions  may  be  followed  by  other  ophthalmoscopic 
changes.  Pronounced  ischaemia  of  the  retina  has  been  observed 
along  with  whooping  cough;  the  condition  is  not  permanent, 
and  is  probably  spasmodic,  although  other  possible  causes  have 
frequently  been  suggested  to  account  for  the  marked  diminution 
in  calibre  of  the  vessels. 

Very  definite  changes  in  the  colour  of  the  blood  have  been 
met  with  in  different  diseases.    In  inflammatory  conditions  of 
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the  retina,  as  well  as  in  all  conditions  of  other  organs  where 
there  is  a  rapid  waste  of  tissue  or  defective  oxygenation,  the 
blood  in  the  retinal  veins  may  appear  considerably  darker  than 
normal.  The  appearance  is  by  no  means  always  indicative  of 
an  actual  darkening  of  the  blood,  but  is  often  mostly,  or  it  may 
be  entirely,  due  to  the  greater  contrast  which  is  afforded  by  the 
swollen  condition  of  the  retina.  In  cases  of  severe  diarrhoea, 
dysentery,  and  cholera,  both  arteries  and  veins  have  been 
observed  to  be  much  darker  than  normal.  On  the  other  hand, 
a  lighter  coloration  of  the  blood  is  met  with  in  chlorosis  and 
other  conditions  which  give  rise  to  excessive  anaemia  or  poverty 
of  blood.  In  leukfemia  it  may  be  very  pale  or  even  greyish  in 
colour,  whilst  in  jaundice  there  is  occasionally  said  to  be  a 
distinctly  yellowish-green  discoloration. 

The  streak  of  reflection  along  the  arteries  is  brighter  the 
lighter  the  colour  of  the  blood.  It  is  found  to  be  narrow  and 
less  apparent  when  the  blood  is  thick  and  albuminous,  broader 
and  more  distinct  when  it  is  thin  and  watery.  It  is  very  doubt- 
ful, however,  in  how  far  any  conclusion  as  to  the  state  of  the 
blood  might  be  justified  by  the  observation  of  this  phenomenon, 
which  appears  to  vary  pretty  much  in  distinctness  under  per- 
fectly physiological  conditions.  Any  marked  oedematous  condi- 
tion of  the  retina,  such  as  that  which  occurs  from  embolism  of 
the  central  artery  or  commotio  retinee,  causes  the  streak  of 
reflection  to  disappear  more  or  less  completely.  It  is  absent, 
too,  in  detachment  of  the  retina. 

Alterations  in  the  size  of  the  vessels  occur  in  disease.  Both 
arteries  and  veins  may  be  either  enlarged  or  diminished.  It  is 
most  common,  however,  to  find  the  calibre  of  the  veins  increased 
and  that  of  the  arteries  diminished.  Indeed,  most  inflammations 
of  the  retina  cause  this.  Owing  to  localised  phlebitis,  some 
only  of  the  retinal  veins  may  be  enlarged,  and  that  often  in  an 
extreme  degree.  It  is  rare  to  find  the  arteries  increased  in  size, 
whilst  diminution  in  the  size  of  the  veins  is  only  met  with  in 
the  subsequent  atrophic  stages  of  retinal  inflammation. 

Sometimes,  though  very  rarely,  a  formation  of  new  vessels  is 
seen  to  have  taken  place  in  the  retina.  Usually  this,  when  it 
happens,  is  part  of  the  process  of  organisation  of  an  old  blood 
clot.  More  frequently  there  may  be  seen  leashes  of  small 
vessels  passing  into  the  vitreous  and  springing  from  the  retinal 
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vessels  A  rare  occurrence  in  connection  with  the  vascular 
system  of  the  retina  is  the  anastomosis  of  some  vessel  either 
with  another  retinal  vessel  or  with  a  choroidal  vessel. 

The  retinal  vessels  seem  to  be  very  little  liable  to  aneurism ; 
only  a  very  few  cases,  in  which  aneurismal  dilatation  has  been 
met  with  to  any  extent,  have  been  recorded.  Perhaps  the  con- 
dition is  not  quite  so  rare  as  the  paucity  of  observations  during 
life  might  lead  one  to  suppose ;  it  has  certainly  been  seen  more 
frequently  after  death.  The  subject  is,  however,  hardly  ot 
practical  importance,  though  the  fact  of  the  rarity  of  retinal 
aneurism  is  not  a  little  remarkable,  considering  that  probably 
all  forms  of  disease  of  the  vascular  walls  occur  in  the  vessels  of 
the  retina  as  well  as  elsewhere,  and  consequently,  as  will  be 
seen,  haemorrhage  from  the  vessels  is  far  from  uncommon. 
Probably  the  support  given  by  the  pressure  of  the  flmd  within 
the  eye  accounts  for  the  general  absence  of  such  dilatations.  _ 

Hyper/emia  of  the  Eetina.— As  has  already  been  said,  it  is 
not  always  quite  easy  to  say  that  the  apparent  congestion  in  any 
particular  case  exceeds  the  bounds  of  physiological  variation. 
In  coming  to  a  conclusion  on  this  point,  it  is  well  to  pay  atten- 
tion to  the  relative  sizes  of  arteries  and  veins.  The  calibre  of  a 
retinal  artery  is  never,  under  altogether  normal  conchtions, 
much  less  than  three-quarters  that  of  the  corresponding  vein. 

Hyperemia  in  the  retina,  as  elsewhere,  may  be  active  or 
passive.    An  active  hyperemia  may  be  set  up  by  all  such  con- 
ditions as  call  for  any  unusual  straining  of  the  eyes,  sucli  as 
reading  in  the  dark,  or  prolonged  attempts  at  deciphering  chtti- 
cult  manuscript  or  bad  print.    And  this  form  of  strain  may  be 
favoured,  and  more  readily  lead  to  congestion,  when  there  is 
either  some  general  weakness  or  some  marked  error  of  refraction 
which  renders  persistent  exercise  of  this  nature  more  irksome. 
The  influence  of  the  lower  degrees  of  refractive  errors  m  this 
respect  has,  however,  been  greatly  exaggerated.    Active  hyper- 
aimia  of  the  retina,  too,  is  met  with  along  with  conjunctivitis. 
Finally,  it  may  merely  be  present  as  the  first  stage  of  an  mtlam- 
mation  of  the  retina— rc^Mw^is— which  either  exists  alone  or  is 
associated  with  inflammation  of  other  of  the  deeper  parts  of  the 
eye.    As  the  normal  relation  in  the  size  of  the  artery  and  vem 
is  pretty  well  maintained  in  active  hyperemia,  the  diagnosis 
depends  greatly  on  observing  the  state  of  congestion  of  the  optic 
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disc,  which  in  such  cases  does  not  show  so  marked  a  contrast  in 
colour  from  the  surrounding  fundus  as  is  usual.  At  the  same 
time,  however,  there  is  no  indistinctness  of  its  margins,  such  as 
occurs  when  inflammatory  swelling  of  the  papilla  takes  place. 
The  cause  of  the  deeper  coloration  of  the  disc  is  of  course  the 
springing  more  into  view  of  the  smaller  vessels,  and  a  similar 
excess  in  the  number  of  visible  vessels  can  also  be  made  out  by 
the  practised  observer  in  other  parts  of  the  fundus  as  well. 

Passive  hyperoemia,  on  the  other  hand,  being  due  to  some 
interference  in  the  venous  circulation,  or  in  both  venous  and 
arterial  circulation,  gives  rise  to  an  abnormal  relation  in  the 
size  of  arteries  and  veins.  The  veins  are  increased  in  size, 
sometimes  to  an  excessive  degree,  while  the  arteries  either 
retain  their  normal  size  or  become  diminished.  The  interruption 
to  the  circulation  may  be  in  the  eye,  as  in  the  case  of  glaucoma, 
or  external  to  it, — produced,  for  instance,  by  pressure  on  the 
optic  nerve.  Congested  retinal  vessels  have  not  only  their 
calibre  increased,  but  are  also  lengthened.  On  this  account 
they  take  a  more  tortuous  course  than  normal,  the  tortuosity 
being  greater  at  right  angles  to  the  retinal  surface  than  in  the 
surface  of  the  retina  itself.  Contiguous  portions  of  a  vessel 
may  therefore  be  at  different  levels,  and  consequently  not  in 
accurate  focus  at  the  same  time.  This  undulatory  shape  causes 
the  blood  in  some  parts  of  a  vein,  when  its  direction  is  such 
that  a  greater  column  is  looked  through,  to  appear  darker  than 
at  others  where  only  a  column  the  thickness  of  the  vessel  itself 
is  seen,  and  this  diflerence  in  the  apparent  depth  of  colour  in 
different  sections  of  the  vessel  is  often  enhanced  by  a  simul- 
taneous swelling  and  intransparency  of  the  retina.  Great  tortu- 
osity in  the  plane  of  the  retina  is  most  frequently  only  a 
congenital  peculiarity.  Passive  hyperaemia  is  described  by 
Leber  as  occurring  in  cases  of  congenital  cyanosis,  in  which, 
too,  the  blood  is  of  the  same  colour  in  both  arteries  and  veins, 
and  there  is  no  interference  with  vision. 

Anaemia  of  the  Eetina. — Some  of  the  general  conditions 
which  are  associated  with  antumia  of  the  retina  have  already 
been  referred  to.  The  changes  are  not  sufficiently  marked  as 
a  rule  to  afford  any  important  evidence  of  the  existence  of 
antemia  of  the  brain,  and  indeed  most  cases  of  general  anjjemia 
are  not  associated  with  any  marked  ischfemia  of  the  retina. 
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Ancwia,  too,  from  excessive  loss  of  blood,  only  produces  tem- 
porary ischc^mia  of  the  retina.  The  ophthalmoscopic  appear- 
ances met  with  in  pronounced  cases  of  ischa^mia  are  great  pallor 
of  the  disc  and  narrowing  of  the  lumen  of  the  vessels.  There  are 
besides  altogether  fewer  retinal  vessels  visible  over  the  fundus. 

Ischemia  of  the  retina  may  be  functional,  when  it  is  due 
to  vasomotor  constriction,  or  toxic,  the  elfect  of  the  poison 
beino-  of  the  same  nature,  viz.,  causing  constriction  of  the  vessels 
by  some  irritation  of  the  vasomotor  centre.  A  most  marked 
and  not  apparently  very  infrequent  example  of  toxic  isch^emia 
is  that  produced  by  overdoses  of  quinine. 

There  can  be  no  doubt  that  it  is  the  qumine  and  not  the  condition 
for  which  the  quinine  is  administered  that  gives  rise  to  the  ischaemia. 
This  was  detinitely  proved  by  Barabaschetf,  who  experimented  on  some 
of  his  colleagues.  No  doubt  the  appearances  are  due  to  poisoning  of 
the  vasomotor  centres  and  consequent  constriction  of  the  peripheral 

""'"'it'the  worst  cases  of  quinine  blindness,  Yliich  are  nevertheless 
recovered  from,  there  is  a  persistence  of  the  pallor  of  the  disc  and  the 
narrowinc  of  the  retinal  vessels.  I  have,  for  instance,  seen  a  case  in 
XT  the  poisoning  took  place  two  years  before  the  patien  came 
under  my  observation,  with  such  a  complete  absence  of  '"^^Y  f  o;^^^ 
the  disc,  and  such  excessive  constriction  of  the  retmal  vessels  that  t 
recalled  the  appearances  met  with  in  many  cases  of  f  «i^;Pl«  f 
atrophy  Nevertheless,  in  this  case  recovery  had  slowly  taken  place, 
and  the  visual  acuity/colour  vision,  and  light-difference  perception 
had  all  but  reached  a  normal  standard.       .  , 

The  continuance  of  vascular  constriction  has  been  refeued  bj 
Horner  to  endovasculitis  set  up  by  the  prolonged  spasmodic  vascuiai 
constriction. 

Much  the  more  common  cause  of  ischa^mia  is,  however,  the 
atrophic  form,  which  occurs  after  optic  neuritis,  essential  atrophy 
of  the  optic  nerve,  and  inflammatory  and  other  degenerative 
changes  in  the  retina.  Ischajmia  is  also  more  or  less  marked  in 
cases  of  embolism  of  the  central  artery  of  the  retina. 

Retinal  H^kmorrhages.— Haemorrhage  from  the  retinal 
vessels  is  by  no  means  an  uncommon  occurrence.  The  ophthal- 
moscopic appearances  differ,  as  well  as  the  degree  of  visual 
disturbances  produced,  according  to  the  position  and  extent  ot 

such  hajmorrhage. 

Hfemorrhages  are  frequent  in  all  cases  where  there  is  ret- 
initis.   Of  other  local  conditions  apt  to  be  accompanied  by 
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retinal  hemorrhages  may  be  mentioned  :— Embolism  of  the 
central  artery  and  thrombosis  of  the  central  vein,  as  well  as 
probably  sudden  compression  of  the  central  vessels  by  hemor- 
rhage into  the  sheath  of  the  optic  nerve,  glaucoma,  atheromatous 
and  hyaloid  degeneration  of  the  retinal  vessels  and  traumata. 
But  they  are  met  with  altogether  independent  of  local  inflam- 
matory or  other  changes  in  many  states  where  there  is  a  diseased 
condition  of  the  blood.    The  bleeding  may  be  confined  to  the 


Fig.  54. — Retinal  hsemorrhages  from  a  blow  on  the  eye. 

retina  itself,  or  it  may  pass  backwards  and  cause  separation  of 
the  retina  from  the  choroid,  or  forwards  into  the  vitreous.  This 
last  result  is  not  common,  and  only  likely  to  take  place  when  a 
large  trunk  is  ruptured  by  accident  or  disease.  Haamorrhagic 
detachment  of  the  retina  is  almost  invariably  traumatic.  It 
occurs  in  cases  where,  with  a  tendency  at  any  rate  to  hemor- 
rhage, owing  to  an  altered  state  of  the  vessels,  the  intraocular 
tension  is  suddenly  lowered  by  the  escape  of  some  of  the 
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contents  of  the  globe.    It  occurs,  for  instance— fortunately  only 
very  rarely,  however, — after  cataract  extraction.    It  Ls  much 
more  frequent  after  iridectomy  for  glaucoma.  Hemorrhages 
into  the  retina  usually  lie  in  close  proximity  to  the  vessels. 
When  situated  in  the  layer  of  the  nerve  fibres,  which  is  very 
often  the  case,  as  it  is  in  this  layer  that  the  larger  vessels 
course,  they  have  a  tendency  to  be  elongated  in  shape  with 
sharply  defined  sides  and  irregular  radiating  ends.    This  form 
of  retinal  hemorrhage  is  distinguished  as  a  flame-shaped  Jia^mor- 
rJutge.    The  peculiar  shape  is  occasioned  by  the  direction  of  the 
nerve  fibres  between  which  the  blood  settles  and  is  constrained 
to  pass.    Only  larger  hcTemorrhages  in  this  part  of  the  retina 
can  assume  a  more  irregular  form,  the  extent  of  the  extra 
vasation  being  then  sufficient  to  overcome  the  resistance  of  the 
nerve  fibres  which  are  pushed  aside  or  ruptured.  Deeper 
hemorrhages  in  the  retina  are  circular  or  irregular  in  shape, 
with  a  tendency  rather  to  pass  backwards,  owing  to  the  resist- 
ance offered  by  the  connective  tissue  fibres  of  Miiller,  than  to 
spread  superficially.    Hemorrhages  when  numerous  are  usually 
found  in  the  neighbourhood  of  the  large  vessels ;  mostly,  there- 
fore, near  the  disc.    Frequently  they  are  distributed  in  a  radial 
manner  round  the  disc.    Less  numerous  htfetuorrhages  are  not 
infrequently  found  in  the  region  of  the  macula.    Often,  uideed, 
there  is  only  a  single,  and,  it  may  be,  quite  a  small  hemorrhage 
in  this  situation.    Occasionally  a  few  hemorrhages  may  be  seen 
confined  to  some  particular  part  of  the  fundus.    It  is  not  always 
easy  to  detect  the  reason  for  this,  but  sometimes  it  is  due  to 
localised  phlebitis  and  thrombosis. 

The  subjective  symptoms  to  which  hemorrhages  into  the 
retina,  unassociated  with  retinitis,  give  rise,  depend  on  their 
position  and  extent.  When  they  are  peripheral  there  are  no 
evident  symptoms,  although  if  large  there  will  be  found  to  be 
a  corresponding  defect  in  the  field  of  vision.  When  occurring 
at  or  near  the  macula  they  give  rise  to  a  positive  scotoma,  and 
sometimes,  but  comparatively  rarely,  to  coloured  vision.  Thus, 
when  fresh,  patients  may  complain  of  a  reddish  cloud,  which 
afterwards  appears  greenish,  in  front  of  their  eyes.  The  objects 
seen  in  the  region  of  the  scotoma  as  it  clears  away  may  be 
distorted— that  is,  the  patient  may  be  conscious  of  more  or  less 
vietamo7-pJLopsia. 


RETINAL  HEMORRHAGES. 


191 


Smaller  retinal  htuinorrhages  are  generally  absorbed  without 
leaving  any  trace  and  without  undergoing  any  discoloration. 
Larger  haemorrhages  generally  leave  some  trace  in  the  shape  of 
degenerated  patches,  in  which  cholesterin  occasionally  forms, 
and  gives  rise  to  a  very  brilliant  reflection.  The  appearances, 
therefore,  of  old  ha?morrhagic  spots  as  seen  with  the  ophthal- 
moscope are  very  various.  They  may  be  mere  patches  of  greater 
or  less  depigmentation  revealing  the  choroidal  structure  behind. 
Or  again,  they  may  be  yellowish-white  or  white,  sometimes 
glistening  white.  These  straw-coloured  or  white  patches  are 
often  bordered  by,  and  here  and  there  covered  by,  masses  of 
pigment.  Patches  of  this  kind  are  the  remains  of  hciemorrhages 
into  the  deeper  layers  of  the  retina.  It  is  often  difficult  to 
distinguish  them  from  patches  of  disseminated  choroiditis. 
Finally,  there  may  be  nothing  but  irregular  pigment  spots 
left,  which  are  usually  considerably  smaller  than  the  original 
extravasations. 

Eetinal  haemorrhages  in  old  people,  if  due  to  an  atheromatous 
condition  of  the  vessels,  may  be  followed  by  glaucoma.  This  is 
the  so-called  htemorrhagic  glaucoma,  in  which  the  prognosis  is 
bad  not  only  for  vision,  but  also  with  respect  to  other  apoplexies 
which  may  endanger  life.  According  to  von  Graefe,  if  ten 
weeks  have  elapsed  since  the  occurrence  of  the  retinal  ha?mor- 
rhages  without  any  supervention  of  glaucomatous  symptoms, 
these  are  not  then  so  likely  to  come  on.  Small  hfemorrhages 
often  occur  after  iridectomy  for  glaucoma.  These  rapidly 
disappear,  and  are  caused  by  the  sudden  relief  of  external 
pressure  on  the  retinal  arteries,  which  are  probably  always  more 
or  less  diseased  in  glaucoma. 

It  does  not  appear  to  be  known  exactly  how  the  smaller 
retinal  haemorrhages  take  place.  Their  proximity  to  the  visible 
vessels  makes  it  likely  that  they  come  from  them,  and  not  from 
the  invisible  capillaries.  Yet  there  is  rarely  to  be  seen  any 
evidence  of  actual  rupture.  On  this  account  Leber  has  sug- 
gested that  they  are  usually  the  result  of  diapedesis.  Any 
tendency  to  rupture  of  the  vessels,  or  to  htemorrhage  altogether, 
is  no  doubt  greatly  counteracted  by  the  intraocular  tension,  so 
that  on  this  account  any  circumstance  which  sends  the  blood  to 
the  head  is  really  not  so  dangerous  in  this  respect  as  might  at 
first  be  supposed.    Active  congestion  is  more  likely  to  be 
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associated  with  hemorrhage  than  passive,  hence  the  occurrence 
of  htemorrhage  in  menstrual  disorders.  But  the  most  common 
immediate  cause  of  retinal  haemorrhage  is  to  be  found  m  altered 
conditions  of  the  vascular  walls,  which  admit  of  rupture  or 
diapedesis,  or  in  altered  conditions  of  the  blood  itself.  Such 
chancres  are  produced  by  inflammation,  atheromatosis,  scurvy, 
purptira  pernicious  anremia,  leucocythaimia,  nephritis,  diabetes, 
and  jaundice,  in  all  of  which  conditions  retinal  hcemorrhages 
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Fig.  55.-Sub-hyaloid  haemorrhage.    Inverted  image. 

may  be  found.  In  cases  where  there  has  been  an  excessive  loss 
of  blood,  a  serous  infiltration,  giving  rise  to  a  white,  somewhat 
opalescent,  opacity  of  the  retina,  has  been  seen  along  with  more 
or  less  haemorrhage.  From  the  appearance  presented  under  such 
circumstances,  it  is  not  unlikely,  as  has  been  pointed  out  by 
Forster,  that  the  cerebral  symptoms  which  may  occur  at  the 
same  time  may  be  due  to  much  the  same  changes  m  the  bram. 

Sub-hyaloid  hccmorrhagc.—A  somewhat  rare  occurrence,  and 
one  which  gives  rise  to  a  very  characteristic  ophthalmoscopic 
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appearance,  is  for  an  effusion  of  blood  from  the  retina  to  spread 
out  in  a  thin  layer  between  the  retina  and  the  vitreous  without 
passing  into  the  latter.  This  all  but  invariably  occurs  at  or  near 
the  centre,  so  that  the  macula  is  covered  by  a  patch  three  or 
four  times  the  diameter  of  the  papilla.  This  patch  of  effused 
blood  is  at  first  dark  red,  with  sharply-defined  curved  margins. 
After  a  short  time  it  begins  to  undergo  absorption,  usually,  if 
not  always,  from  above,  so  that  the  line  between  the  partially 
absorbed  portion  and  that  in  which  the  blood  is  still  present  is 
perfectly  straight  and  horizontal.  A  hfemorrhage  of  this  nature 
causes  a  dense  central  scotoma,  which  passes  off,  either  entirely 
or  nearly  so,  after  the  lapse  of  several  months.  The  prognosis, 
so  far  as  the  restoration  of  vision  is  concerned,  is  therefore  good. 
The  exact  pathology  of  this  affection,  and  more  especially  why 
the  hsemorrhage  should  so  often  come  in  front  of  the  centre  of 
the  retina,  is  not  clear. 

Eetinitis. — Inflammation  of  the  retina  occurs  along  with 
choroiditis  and  cyclitis,  whether  set  up  traumatically,  sym- 
pathetically, or  otherwise.  Besides  this  inflammation,  which  is 
for  the  most  part  an  extension  from  the  other  membranes,  a 
primary  retinitis  is  met  with  in  many  diseases  in  which  there  is 
an  altered  state  of  the  blood  or  the  blood-vessels.  Of  such  may 
be  mentioned  septic  processes  and  others  which  lead  to  throm- 
bosis, syphilis,  albuminuria,  diabetes,  and  various  forms  of 
aneemia,  possibly  also  oxaluria. 

Prolonged  exposure  to  strong  light,  excessive  straining  of 
the  eyes  in  bad  light,  &c.,  in  fact  everything  which  leads  to 
active  congestion  of  the  retina,  while  it  no  doubt  favours  the 
occurrence  of  inflammation  under  conditions  in  which  it  is 
likely  to  be  met  with,  does  not  of  itself  suffice  to  set  it  xip,  and 
must  be  looked  upon  therefore  as  only  of  secondary  importance 
in  the  etiology  of  retinitis. 

Diffuse  Retinitis. — A  chronic  diffuse  form  of  inflammation 
of  the  retina,  in  which  the  ophthalmoscopic  appearances  are  not 
very  marked — merely  hypertemia  of  the  disc,  with  a  diffuse  and 
sometimes  more  or  less  distinctly  striated  opacity  of  the  sur- 
rounding retina — is  that  which  is  so  constantly  seen  in  cases  of 
syphilitic  choroiditis.  Apart  from  the  opacities  of  the  vitreous, 
this  appearance  of  the  retina  remains  for  a  long  time  the  only 
objective  symptom  of  that  disease.  A  very  similar  appearance 
13 
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in  the  retina  is  often  met  with,  too,  in  cases  of  sympathetic 

"^^'TheTibLtive  symptoms,  prognosis,  and  treatment  of  diffuse 
retinitis  depend  in  great  measure  on  the  accoDipanymg  changes 
in  the  choroid  and  vitreous,  and  are  discussed  under  syphihtic 
choroiditis  and  sympathetic  inflammation  of  the  eye. 

A  curious  and  rare  form  of  retinitis  described  by  von  Graete 
under  the  name  of  central  recurrent  retinitis,  appears  also  to  be 
frequently  of  syphilitic  origm.    The  ophthalmoscopic  changes 
in  this  disease  are  often  so  httle  marked  as  to  altogether  escape 
detection;  at  other  times  a  sUght  speckled  opacity  may  be  seen 
in  the  region  of  the  macula.    The  affection  mostly  occurs  m 
both  eyes,  but  may  be  confined  to  one  alone.    The  de  ect  of 
central  vision  to  which  it  gives  rise  occurs  suddenly  and  has  a 
marked  tendency  to  recur  frequently,  the  intervals  between 
each  recurrence  being  characterised  at  first  by  complete,  and 
afterwards  by  only  partial  recovery.    The  central  scotoma  has 
been  observed  by  Nettleship  and  others  to  be_  ring-shaped  at 
first.    Much  the  same  symptoms  occur  sometimes  along  with 
the  more  common  syphilitic  retinitis.  _ 

Purulent  Retinitis  is  sometimes  the  starting-point  of  pan- 
ophthalmitis, and  especially,  it  would  appear,  in  cases  m  wluich 
septic  emboli  form  in  the  vessels.  Clinically,  however,  there  is 
nothing  to  distinguish  this  affection  from  purulent  choroiditis, 
with  which  it  is  eventually  associated  whenever  the  suppurative 

^''TlTZgic  Eetinitis.-U:r.j  forms  of  retinitis  are  ha^mor- 
xhacic  that  is  to  say,  the  changes  in  the  retina  are  associated 
with  hemorrhages  f^om  the  vessels.  Only  cases  m  which  h 
number  of  hc^morrhages  is  very  great  and  spread  ovei  the 
whole  of  the  retina  can  be  properly  termed  h.^morrhagic,  as 
distinsuished  from  other  forms. 

The  erm  is  rightly  applied  when  the  extravasations  con- 
tribute a  more  important  feature  than  the  other  changes,  sudi 
as  swelling  of  the  papilla  and  retina,  or  the  occurrence  of 
matches  of  Mty  degeneration  in  the  retina  and  — 
of  the  kidneys  and  diabetes  can  be  excluded,  hetmitis  ^Mtl 
Lndant  h/morrhages  occurring  in  one  eye  alo^^^^^  ^ 
invariably  of  this  nature.  A  greater  or  less  extent  of  the 
rXa  may  be  covered  by  hemorrhages,  most  of  which  are 
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riame-shaped,  and  therefore  superficial,  though  some  are  more 
irregular  and  deeper.  Sometimes  there  is  a  hsemorrhagic  ex- 
travasation into  the  vitreous,  causing  opacities  in  it.  The  retina 
itself  has  often  a  dull  intransparent  look,  more  especially  around 
the  disc.  This  appearance  is  produced  by  oedema.  Patches  of 
opacity,  such  as  occur  in  other  forms  of  retinitis,  are  sometimes 


Fig.  56. — HEemorphagic  retinitis. 

seen,  but  they  are  insignificant  in  amount  compared  with  the 
hemorrhages.  Their  distribution,  like  that  of  the  htemorrhages, 
IS  radial.  The  disc,  although  its  margins  may  be  completely 
obhterated,  is  not  swollen  and  prominent  as  in  papillitis, 
More  or  less  atrophy  of  the  disc  always  comes  on  after  some 
tune  has  elapsed.  The  veins  are  greatly  engorged  and  tor- 
tuous, the  arteries  usually  narrowed  and  more  or  less  in- 
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visible.    White  streaks  are  often  seen  to  ^^c^^^^^P^^^  ^^^^J^f 
Occasionally  the  whole  visible  part  of  portions  of  the  veno  s 
trunks  are  converted  into  white  lines.    Tins  latter  appearance 
is  always  met  with  where  the  h^hages  are  confined  to  some 
particJar  sector  of  the  retina.    Sometnnes  ^here  ^  a  ca  d^^^ 
lesion,  at  other  times  not.    I  have  never  seen  what  I  should  be 
disposed  to  call  true  h.^morrhagic  retinitis  m  ^°  1^^^^^:"' 
events,  not  at  the  same  time.    On  this  account  it  is  difficult  to 
believe  that  the  hc^morrhages  are  due  either  to  ^^^^ase  of  the 
blood  or  of  the  vascnlar  walls.    Leber  has  ^-'^^^^''f^^]^'^^ 
I  am  not  aware  that  it  has  ever  been  demonstrated-that  the 
affection  may  be  due  to  embolic  plugging  of  numerous  smallei 
benches  of'the  retinal   artery     This_  explanation  appea^ 
doubtful  on  account  of  the  generally  relatively  normal  cond  tion 
of  the  peripheral  vision.    A  more  likely  cause  would  appea  o 
be  venous  thrombosis,  the  result  of  phlebitis  associated  possibly 
with  an  arthritic  diathesis.    While  the  centra  vision  is  as  a 
Tule  very  greatly  reduced,  the  extent  of  the  field  of  vision  may 
Bot  be  at  all  i^estricted.     After  some  time  atrophic  changes 
usually  take  place,  so  that  although  the  hemorrhages  may  clear 
away  leaving  often  little  or  no  trace  of  their  existence,  the 
vessels  become  narrowed  and  obliterated,  the  chsc  pale  and 
the  field  of  vision  concentrically  limited,  just  as  m  atrophy  of 
the  optic  nerve,  until  eventually  the  vision  is  eo^ple  ely  lost^ 
The  prognosis  is  certainly  therefore  extremely  bad  m  the  woist 
cases    Sometimes  bleeding  takes  place  into  the  vitreous  as  well, 
and  this  may  be  followed  by  painful  glaucomatous  symptoms. 

\o  trealnent  is  likely  to  be  of  much  good.  The  eyes  should 
be  shaded  from  strong  light,  and  reading  or  wntmg  avoided  as 
much  as  possible,  attention  being  at  the  same  time  paid  to  the 
general  health  of  the  patient.  r..^^^  of 

Albuminuric  Eetinitis.-A  certain  proportion  of  cases  o 
Bright's  disease,  variously  estimated  by  different  authorities  at 
From  ten  to  twenty  per  cent.,  are  associated  with  more  or  le 
blindness  from  inflammatory  and  degenerative  f  anges  n  he 
retina.    The  so-called  albuminuric  retimtis  met  with  m  such 
cases  is  often  so  characteristic  as  of  itself  to  render  the  diagnosis 
ofkidney  disease  all  but  certain.    At  other  times  a  retina 
inflammation  of  undoubtedly  albuminuric  causation  may  not 
present  symptoms  which  are  at  all  characteristic. 
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The  ophthalmoscopic  appearances  in  albuminnric  retinitis 
(see  Fig.  57)  are,  speaking  generally,  more  or  less  hyperemia 
and  swelling  of  the  papilla,  slight  increase  in  the  calibre  of  the 
veins  and  diminution  in  that  of  the  arteries,  and  diffuse  opacity 
of  the  retina,  with  hfemorrhages,  and  the  formation  of  white 
patches,  which  are  confined  at  first  to  the  region  of  the  posterior 
pole.  The  changes  in  the  papilla  are  at  first  very  slight,  and 
there  is  some  opacity  of  the  retina,  and  a  few  htemorrhages  in 
the  portion  surrounding  the  papilla.  The  htemorrhages,  too, 
are  mostly  deep  and  round,  less  frequently  flame-shaped.  This 
appearance  is  of  itself  suggestive  of  the  kidney  being  the  cause, 
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Fig.  57. — Albuminuric  retinitis,  early  and  typical  stage. 

but  it  is  not  absolutely  characteristic.  At  a  later  stage  wliite, 
and  for  the  most  part  deep-seated,  patches  of  fattily  degenerated 
exudation  make  their  appearance  in  the  retina,  while  at  the 
same  time  there  is  often  some  swelling  added  to  the  hyperemia 
of  the  papilla.  These  white  patches  are  mostly  found  in  the 
region  of  the  macula,  where  they  are  arranged  in  a  star-shaped 
form  radiating  out  from  the  fovea.  Around  this  central  figure, 
the  size  of  which  is  half  again  that  of  the  optic  disc  or  more, 
there  are  often  a  number  of  scattered  spots  of  a  similar  nature. 
Such  spots,  too,  are  frequently  to  be  seen  in  other  parts  of  the 
fundus  surrounding,  and  never  at  a  very  great  distance  from, 
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the  disc.    In  some  cases  the  patches  round  the  disc  become 
confluent,  and  thus  form  an  extensive  white  area  or  circum- 
papiUary  zone,  stretching  up  to  the  disc  on  all  sides,  and  with 
an  irregular  margin  towards  the  more  healthy  retina.  Extensive 
offshoots  from  this  zone  then  generally  accompany  the  larger 
vessels.    The  vessels  in  the  circumpapillary  exudation  are  seen 
to  be  large  and  tortuous,  and  are  here  and  there  altogether 
masked  by  it.    The  retina  is  thickened,  and  there  are  usually 
large  and  numerous  htemorrhages  in  the  swollen  white  area. 
There  is  never  any  opacity  of  the  vitreous.    When  the  appear- 
ances just  described  are  met  with,  it  may  be  looked  upon  as 
altogether  characteristic  of  albuminuria,  because,  although  it 
seems  certain  that  other  causes  occasionally  give  rise  to  identical 
changes  in  the  retina,  yet  this  happens  so  rarely,  that  it  may  be 
left  out  of  consideration. 

Little  alteration  may  take  place  in  the  ophthalmoscopic  pic- 
ture, even  after  a  considerable  time  has  elapsed.  The  patches 
and  'htemorrhages  may  slowly  clear  away,  or  fresh  ones  become 
deposited.  At  an  advanced  stage  of  the  disease  the  spots  are 
sometimes  very  thickly  scattered  over  the  fundus,  and  here 
and  there,  more  especially  at  the  centre,  a  dirty  grepsh  diffuse 
pigmentation  may  develop  in  them.  Occasionally,  too,  the 
white  reflection  from  the  patches  becomes  intensely  brilliant 
and  metallic  looking,  owing  to  the  development  in  them  of 
cholesterin.  At  the  same  time  the  papiUa  and  the  retina  may 
be  very  greatly  swollen,  so  that  at  places  the  vessels  entirely 
disappear  from  view.  The  retinal  swelling  sometimes  gives  rise 
to  the  appearance  of  a  detachment. 

Most  of  the  white  patches  lie  in  the  deeper  layers  of  the 
retina,  the  vessels  of  which  may  be  seen  to  pass  over  them  at 
places.  Others  are  more  superficial,  and  more  or  less  com- 
pletely obscure  portions  of  the  vessels.  These  appear  to  be 
caused  by  varicose  swelling  of  the  nerve  fibres.  Almost  in- 
variably both  eyes  are  affected  at  or  about  the  same  time. 

The  degree  of  blindness  produced  by  albuminuric  retinitis 
varies  very  much,  and  depends  on  the  extent  of  the  pathological 
changes  at  the  macula.  There  is  therefore  often  consideralDle 
difference  in  the  visual  acuity  of  the  two  eyes.  The  disease 
rarely  causes  complete  blindness,  but  most  frequently  produces 
so  much  amblyopia  as  to  render  reading  impossible.    The  field 
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of  vision  remains  good,  and  also  the  colour  vision.  Sometimes 
the  amount  of  visual  defect  does  not  correspond  with,  but  is 
greater  than  can  be  accounted  for  by,  the  retinal  changes.  In 
such  cases  there  may  possibly  be  uriemic  complications.  Thus 
I  have  seen  occasionally  very  marked  deterioration  occur  with- 
out any  apparent  increase  in  the  retinitis,  followed  after  a  few 
days  by  improvement,  clearly  pointing  to  some  poisoning  of  the 
■\dsual  centres. 

The  prognosis  in  this  disease  is  altogether  gloomy,  except  in 
cases  such  as  the  albuminuria  of  pregnancy,  where  the  condition 


J  T  M  YiG.  58. — Albumiauric  retinitis,  late  degenerative  stage. 

may  be  transitory.  Some  cases  improve  so  as  eventually  to 
recover  useful  vision.  Most  remain  pretty  stationary,  and  die 
not  long,  generally  not  more  than  two  years,  after  the  onset  of 
the  retinitis.  An  extremely  grave  symptom  is  apparent  detach- 
ment of  the  retina. 

Albumimiric  retinitis  is  mostly  met  with  in  chronic  cases  of 
kidney  disease.  As  the  general  symptoms  are  then  often  little 
marked,  it  not  infrequently  happens  that  the  diagnosis  is  first 
made  with  the  ophthalmoscope.    The  patients  are  generally 
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anemic,  and  there  is  always  albuminuria.  It  seems  probable 
that  the  retinal  affection  is  a  direct  consequence  of  the  state  ot 
the  blood,  which  arises  from  the  presence  of  a  diseased  kidney. 
It  is  in  fact  a  kind  of  chronic  urasmia.  It  has  not  yet  been 
shown  what  element  of  the  blood  is  deleterious  in  this  respect. 
The  accompanying  hypertrophy  of  the  ventricle  has  been  con- 
sidered by  some  as  the  more  direct  cause  of  the  retnutis.  This 
view  is  untenable,  because  not  only  is  there  frequently  hyper- 
trophy without  any  retinitis,  but  many  cases  of  characterLstic 
retinitis  have  been  observed  without  hypertrophy. 

The  treatment  must  be  directed  to  the  general  disease  which 
is  the  cause  of  the  eye  symptoms,  the  main  indication  being  to 
relieve  the  kidneys  by  promotmg  the  action  of  the  bowels  and 
skin  At  the  same  time  the  usual  precautions  necessary  m  aU 
deep-seated  inflammations  of  the  eye,  viz.,  shading  from  strong 
light  and  the  avoidance  of  reading,  must  be  taken. 

Retinitis  in  Diabetes.— In  some  cases  of  diabetes,  mostly 
those  of  a  severe  type,  there  is  a  complication  with  retmitis. 
Diabetic  retinitis  is,  however,  very  rare  when  compared  with 
the  albuminuric  form.    It  is  possible,  too,  that  some  cases  de- 
scribed as  diabetic  have  really  been  due  more  to  accompanying 
albuminuria.     Only  when  there  is  no  albuminuria  can  the 
retinal  changes  be  safely  ascribed  to  other  concUtions  of  the 
blood  more  directly  connected  with  diabetes.    The  form  of  m- 
flammation  is  not  characteristic,  and  very  much  resembles 
albuminuric  retinitis,  being,  however,  less  severe,  or  at  all 
events  accompanied  by  less  marked  changes  at  the  maciila. 
The  amblyopia  produced  varies  very  much  from  a  shght  defect 
of  vision  to  complete  blindness.    The  latter  is  due  apparently 
only  to  complications  :  extensive  haemorrhages  into  the  ^atreous 
or  glaucoma.    Opacities  in  the  vitreous  are  frequent.  The 
prognosis,  owing  to  the  kind  of  case  liable  to  be  complicated  by 
retinitis,  is  almost  invariably  bad. 

mmitis  wUli  Mcvr  spots.-^  have  seen  two  cases  of  a  peciiliar 
form  of  retinitis,  in  which  Avhite  circular  spots  from  .th  to  Hli  tlie 
diameter  of  the  disc  appeared  in  the  upper  half  of  the  retma.  ilie 
spots  were  not  very  numerous  (in  one  case  seven,  m  the  othei  about 
twice  as  many).  They  were  at  some  considerable  distance  from  tlie 
disc,  and  distrilDuted  in  an  irregular  manner.  Dr.  Ramage  who  ^^as  at 
the  time  my  clinical  assistant,  began  to  make  a  drawing  ot  tlie  appear- 
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ances  presented  by  one  of  these  cases,  but  Avas  unable  to  finish  it, 
owing  to  the  very  rapid  changes  which  took  place.  Dense  vitreous 
opacities  came  on  the  next  day.  The  same  sequence  of  events  were 
observed  in  the  other  case  as  well.  Both  cases  were  met  with  in 
adults  with  a  syphilitic  history,  and  as  the  beginning  of  a  syphilitic 
choroido-retinitis.  The  circular  spots  in  the  retina  may  not  unlikely 
have  been  collections  of  syphilitic  matter.  The  area  of  the  retina  in 
which  the  spots  were  found  was  completely  blind. 

Retinitis  Pigmentosa.  —  A  not  very  rare  disease,  the 
essential  nature  of  which  is,  more  correctly  speaking,  a  sclerosis 


J.T.T. 

Fig.  59. — Retinitis  pigmentosa. 

and  pigmentary  degeneration  of  the  retina  than  au  inflamma- 
tion, has  received  the  name  of  retinitis  pigmentosa.  The  name 
is  not  altogether  satisfactory,  as  the  disease  is  not  associated 
with  pigmentary  alterations  until  it  has  advanced  to  a  certain 
stage,  and  the  pigmentation  may  indeed  occasionally  never  make 
its  appearance  at  all. 

Apart  from  the  ophthalmoscopic  changes,  which  are  usually 
very  characteristic,  retinitis  pigmentosa  is  accompanied  by  such 
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distinctive  subjective  symptoms,  that  in  the  great  majority  of 
cases  the  diagnosis  can  be  made  without  any  objective  examina- 
tion. These  symptoms  are— night  bhndness,  which  has  usually 
begun  in  early  childhood,  concentric  limitation  of  the  field  of 
vision,  with  relatively  good  central  vision,  and  a  tendency  to 
very  slow  deterioration. 

The  ophthalmoscopic  changes  are— a  very  equable,  greyish 
pallor  of  the  papiUa,  more  or  less  marked  narrowing  of  the 
vessels,  both  arteries  and  veins,  usually  a  conspicuous  defect  m 
the  pigment  of  the  hexagonal  ceUs,  which  allows  the  choroidal 
vessels!  with  their  pigmented  interspaces,  to  come  into  ^aew, 
and  a  peculiar  fine  pigmentation  in  the  retina.    This  pigmenta- 
tion takes  the  form  of  intensely  black  bone-corpuscle-shaped 
patches,  usuaUy  in  close  proximity  to  the  vessels,  and  lying  weU 
forward  in  the  retina.— (See  Eig.  59).    The  pigmentation  occurs 
mainly  in  a  zone  which  Hes  midway  between  the  centre  and  the 
periphery,  and  which  is  equally  broad  throughout.   The  breadth 
of  the  zone  varies  very  much,  being  as  a  rule  broader  the  more 
advanced  and  complete  the  sclerosis  is.    It  generally  approaches 
nearer  the  papilla  on  the  inner  than  on  the  outer  side,  and  m 
some  cases  patches  may  be  seen  quite  up  to  the  papilla.  AVhen 
very  numerous,  the  thin  filamentous  processes  of  the  pigment 
spots  meet  or  come  so  close  together  as  to  form  a  network.  The 
pigment  comes  from  the  layer  of  hexagonal  cells,  but  is  probably 
increased  in  amount  by  proliferation. 

The  manner  in  which  the  vision  is  affected  by  this  disease 
varies  somewhat  in  different  cases.    As  a  rule,  while  there  is  a 
pretty  marked  and  sometimes  excessive  constriction  of  the  field 
of  vision,  the  central  vision  remains  good  enough  for  most 
p,,rposes— for  reading  fine  print,  &c.— yet  it  is  only  rarely  that 
there  is  full  normal  vision.    Usually  the  smaller  the  field  of 
vision  retained,  the  worse  is  the  central  ^^sion.    It  is  only  com- 
paratively rarely  that  very  small  fields  with  good  central  vision 
are  found,  and  in  such  the  restriction  may  be  observed  to 
slowly  increase  without  any  marked  difference  in  the  central 
vision.    Eventually  blindness  generally  supervenes  after  the 
central  vision  has  been  destroyed,  and  a  small  eccentric  portion 
of  the  field  is  alone  left.    In  a  good  many  cases  in  which  there 
is  marked  concentric  limitation,  a  portion  of  the  temporal  part 
of  the  field  of  vision  towards  the  normal  periphery  may  be 
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found  to  have  still  retained  some  vision.  Occasionally,  too,  a 
zone  at  the  extreme  periphery  is  left  more  or  less  unaffected,  so 
that  there  is  a  hroad  band  of  the  blindness,  or  a  ring-shaped 
scotoma.  A  few  cases  have  been  described,  too,  in  which  there 
has  been  a  central  scotoma  and  good  peripheral  \ision  instead 
of  the  opposite  condition.  Two  cases  of  this  nature  have  come 
under  my  own  observation,  and  in  one  of  these  the  pigmenta- 
tion was  almost  entirely  confined  to  the  region  of  the  macula. 


Fig.  60. — From  a  case  of  retinitis  pigmentosa,  in  which  the 
pigment  is  limited  to  the  region  of  the  macula. 

where  it  formed  a  network  in  both  eyes  exactly  similar  to 
that  usually  seen  in  the  more  peripheral  parts  of  the  retina. — 
(See  Fig.  60).  But  these,  like  the  cases  in  which  the  pigment 
is  altogether  absent,  belong  to  what  may  be  called  the  atypical 
forms  of  the  disease. 

Altogether  the  pigmentation  must  be  looked  upon  as 
having  a  subordinate  significance  in  the  changes  which  charac- 
terise this  disease.     It  only  makes  its  appearance  after  the 
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disease  has  advanced  to  a  certain  stage,  and  may  possibly  some- 
times remain  absent  throughout.    The  degree  of  bhndness.  too, 
cannot  be  inferred  from  the  extent  of  pigmentation.    On  the 
other  hand,  the  pigment  is  only  met  with  in  places  where  the 
sclerosis  of  the  retinal  connective  tissue,  which  is  the  essential 
factor,  has  taken  place.    Yet  there  may  be  a  sclerosis  m  parts 
of  the  retina  where  no  abnormal  pigmentation  or  depigmenta- 
tion is  visible.    This  is  the  case  mostly  in  the  central  portions 
of  the  retina    The  process  of  sclerosis  may  spread,  and  indeed 
most  frequently  does  appear  to  spread  slowly  from  periphery  to 
centre  so  that  the  absence  of  pigmentation  at  the  centre  is  often 
merely  owino-  to  the  less  extensive  alteration  of  the  connective 
tissue  there  °  In  accordance  with  this  the  central  vision  is  rela- 
tively greatly  better  than  the  peripheral.    But  the  presence  of 
very  constricted  vessels  and  of  great  amblyopia  may  be  found 
with  only  peripheral  pigmentation. 

The  pi-meut  lias  been  proved  to  come  only  from  that  contained 
in  the  retinal  pigment  cells,  in  which  as  one  part  of  the  degenerative  pro- 
c  ss  a  depigmentation  took  place.    But  there  is  no  constan  relation  he- 
twn  tti    depigmentation  and  the  amount  of  abnormal  pigmentary 
dlp;sit  on     lliis  is  very  evident  from  the  great  differences  seen  with 
be  opSalmoscope  (cf.l,.,  Figs.  59  and  60).   The  ^^^V^^^^ 
merely  an  atrophy  of  the  retinal  pigment,  the  abnormal  deposition  an 
StincLn  of  the  hyperplastic  connective  tissue  for  the  pigment  which, 
pxlbfbTy  to  some  eitent,  proliferates  (though  this  is  not  certain)  ni  the 
Tw  situatL.    The  two  processes  are  to  a  great  extent  independent, 
EiSiTmarily  occasioned  by  the  same  cause -the  sclerosis,  by 
S  too  the  nerve  elements,  hut  not,  or  to  a  less  extent,  the  nerve 
Ses  are  destroyed.    It  is  not  known  what  it  is  that  gives  rise  to 
tnS:J^  the  extent  to  which  both  i^^ff^^t^ 
mentation  are  met  with  in  any  particular  case.    Both  have  a  tendencj 
to  become  more  marked  as  time  goes  on. 

The  restriction  of  the  field  ordinarily  met  with  causes  some 
difficulty  in  orientation,  as  patients  with  tliis  defect  are  in 
much  the  same  position  as  any  one  looking  through  tubes  held 
in  front  of  either  eye  would  be.  Thus  children  frequently  fall 
over  things  at  their  feet  in  a  manner  which  to  their  parents 
appears,  from  their  good  vision  otherwise,  to  be  strange,  iue 
colour  vision  is  good  in  retinitis  pigmentosa,  even  m  cases  where 
the  fields  are  very  greatly  restricted. 

The  lioht  sense  is  affected  both  with  respect  to  the  apprecia- 
tion of  differences  of  intensity  of  illumination  and  to  the  vision 
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in  subdued  light.  The  defect  is  most  common  and  always  most 
marked  in  the  latter  respect.  It  is  this  which  causes  the  niglit 
blindness,  which  is  a  very  early  and  very  constant,  though  by  no 
means  invariable,  spnptom.  Different  degrees  of  the  defect  are 
met  with.  Often  while  the  vision  is  so  good  in  daylight  as  to 
cause  no  sort  of  discomfort,  the  patient  is  unable  to  guide  him- 
self in  the  dusk  when  the  light  is  not  so  far  reduced  to  make 
any  very  appreciable  difference  to  the  normal  eye.  This  defect 
is  often  popularly  called  "  twilight  blindness."  Things  are  seen 
by  artificial  light  only  when  pretty  strongly  illuminated ;  thus 
while  an  indi^^Ldual  might  be  able  to  read  by  the  light  of  a 
candle,  the  surrounding  objects  in  the  room,  which  were  only 
feebly  illuminated  by  the  light  of  the  candle,  might  be  more  or 
less  invisible  to  him. 

In  many  cases  the  defect  of  vision  produced  by  feeble  illu- 
mination, though  pronounced,  is  not  nearly  so  bad  as  that 
just  described,  whilst  in  some  it  is  hardly  if  at  all  noticeable. 
According  to  Leber,  there  are  even  cases  where,  instead  of  night 
blindness,  there  is  a  degree  of  hyperaesthesia  of  the  retina  accom- 
panpng  retinitis  pigmentosa  which  makes  the  vision  in  subdued 
light  either  more  comfortable  or  actually  better  than  in  a  strong, 
full  Hght,  a  condition  rather  of  day  blindness  than  of  night 
blindness. 

The  defect  of  the  light  sense  is  very  probably  due  to  changes 
in  the  hexagonal  pigment  cells  of  the  retina.  The  other  visual 
defects  have  been  shown  to  be  produced  by  alterations  in  the 
layer  of  rods  and  cones,  the  more  particularly  percipient  ele- 
ments. ISTo  doubt  the  nerve  fibres  are  also  affected,  but  the 
existence  of  ring-shaped  defects  in  the  field  of  vision  points 
to  the  destruction  of  the  rods  and  cones  being  the  more 
important. 

A  form  of  stationary  or  very  slowly  progressive  posterior 
polar  cortical  cataract  is  a  pretty  frequent  accompaniment  of 
retinitis  pigmentosa.  In  the  typical  cases  there  appear  to  be 
no  further  complications ;  only  where  much  the  same  retinal 
changes  are  met  with,  following  inflamination  from  acquired  or 
inherited  syphilis,  may  there  be  more  or  less  manifest  altera- 
tions in  the  choroid,  or  iris  as  well.  In  such  cases,  too,  the 
retinal  pigmentation  is  rarely  if  ever  so  equally  distributed  as 
in  the  true  disease. 
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There  is  sometimes  a  difficulty  in  distinguishing  between  cases  of 
primary  retinal  sclerosis  with  pigmentation,  and  pigmentation  of  the 
retina  which  is  secondary  to  choroiditis.  Yet  it  is  seldom  there  can 
be  any  doubt,  as  the  choroiditis  leaves  deeper-lying  patches  which  can 
be  recoo-nised  as  areas  in  which  the  choroidal  tissues  have  been  de- 
stroyed? In  some  long-standing  cases  of  retinitis  there  is,  no  doubt, 
to  be  seen  in  the  areas  of  depigmentation,  what  to  all  appearances  is 
a  sclerosis  of  the  choroidal  vessels  as  well.  Again,  I  have  met  with 
a  few  cases  in  which  there  was  undoubtedly  both  a  true  retinitis  pig- 
mentosa and  a  choroiditis,  the  latter  being  evidently  an  accidental  and 

later  complication.  ,    •  ,  4.  +1, 

Some  cases  of  retinitis  pigmentosa  are  atypical  with  respect  to  tHe 
picture  presented  by  the  pigmentation.  The  patches,  instead  of 
being  more  or  less  closely  placed  or  interlaced,  bone-corpuscle- 
shaped,  and  following  the  course  of  the  blood-vessels  and  capil- 
laries, '  are  in  the  form  of  irregular,  roundish,  small  masses 
distributed  apparently  without  any  definite  arrangement  in  the 
deeper  parts  of  the  retina.  The  only  difference  m  the  pathology 
of  those  cases  seems  to  be  that  the  sclerosis  and  imbibition  of  pig- 
ment is  more  confined  to  the  connective  tissue  framew'ork  of  the 
retina,  and  less  marked  in  the  perivascular  connective  tissue  than 
is  mostly  characteristic  of  the  process.  In  other  respects,_  and 
especially  in  the  absence  of  any  choroidal  changes,  there  is  no 
reason  why  such  cases  shordd  be  mistaken  for  later  stages  of  choroidal 
inflammations. 

Eetinitis  pigmentosa  is  almost  invariably  bilateral.  I  have 
only  once  seen  a  case  in  which  it  occurred  in  one  eye  only,  while 
the  vision  of  the  other  was  in  all  respects  normal.  A  few  cases 
have  been  described  by  others.  The  spurious  or  syphilitic  form 
is  met  with  not  so  very  infrequently  in  one  eye  alone,  although 
it,  too,  is  more  frequent  in  both. 

The  disease  begins  either  congenitally  or  in  early  clnldhood ; 
occasionally  not  till  some  years  after  puberty.  Some  cases  of 
congenital  amaurosis,  too,  appear  to  be  of  the  same  nature. 
The  ]3igmentation  is  probably  never  met  with  at  birth,  but 
usually"  makes  its  appearance  during  the  first  few  years  of 
hfe.  The  disease  is  considerably  more  frequent  in  the  male 
than  in  the  female  sex.  Thus  Leber  found  the  proportion 
about  five  to  two  (of  155  cases  111  were  males,  44  females). 
It  is  unquestionably  hereditary,  and,  just  as  in  all  other  affec- 
tions where  this  is  the  case,  there  is  often  consanguinity  in  the 
parents  or  grandparents.  That  consanguinity  alone  is  not  a 
factor  of  importance  is  evident  from  the  fact  that,  as  Macnamara 
has  pointed  out,  the  disease  is  frequent  amongst  the  Hindus, 
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among  whom  intermarriage  is  prohibited  by  their  religion. 
Often  several  members  of  the  same  family  are  affected,  rarely 
if  ever  all.    Congenital  deaf -mutism  and  idiocy  are  not  seldom 


Fig.  61. — Congenitcal  pigmentation  of  the  retina  (from  a  case 
^     ^  of  Mr.  Sydney  Stephenson's). 

met  with  in  the  subjects  of  retinitis  pigmentosa.  Sometimes 
deafness  comes  on  later. 

The  cause  of  the  disease  is  altogether  unknown.  The  fact 
that  very  similar  appearances  follow  syphilitic  inflammation  is 
certainly  suggestive  of  syphilis  as  a  cause ;  yet  it  appears  pretty 


3o8    DISEASES  OF  RETINA  AND  OPTIC  NERVE^ 

certain  that  this  is  not  the  case.  Most  cases  progress  exceed- 
ingly slowly,  and  even  remain  for  longer  or  shorter  periods 
apparently  absolutely  stationary.    No  tre.at'nxmt  can  be  said  to 

be  of  the  slightest  avail.  n-  j 

A  very  rare  form  of  disease,  evidently  closely  allied  to 
retinitis  pigmentosa,  has  been  called  by  Mooren  re^m^^^s  j^imc^ato 
cdU^cm.  In  this  affection  a  number  of  small  white  dots  are 
scattered  over  the  retina,  and  there  is  mght  blmdness.  It  seems 
probable  that  this  may  be  an  early  intra-utenne  form  of  sclerosis 
of  the  retina.  Other  atypical  forms  of  retmitis  pigmentosa 
occur  For  instance,  it  is  not  so  very  rare  to  find  no  pigmentary 
chances  of  the  characteristic  form,  and  yet  the  appearance  of  the 
papilla  as  well  as  the  subjective  symptoms,  may  be  quite  sufe- 
cient  to  justify  the  diagnosis  "retinitis  pigmentosa.' 

Conqmital  pupnentation  of  the  retina.-K  peculiar  form  of  retinal 
mcmeStion,  ili  ch  appears  to  be  congemtal,  is  sometimes  met  .^th. 
I Zve  only  seen  two  cases,  but  as  it  does  not  give  rise  to  any  symp- 
toms it  may  possibly  be  less  uncommon  than  might  be  supposed.  Fig. 
ei  wHch  ilfrom  a  case  of  Mr.  Sydney  Stephenson's,  shows  the  chax- 
Lt'eristic  distribution  of  the  pigment,  viz.,  m  small  n-regularly-shaped 
(rrmins  occupving  some  sector  of  the  retina.  .  + 

^  TS  proVerrms.-This  name  has  been  given _  by  Manz  to  a 
very  un  ual  form  of  chronic  inflammation  of  the  retma.  From  he 
i^Z^h  have  seen,  I  think  there  can  he  little  doubt  that  it  is  a 
wpll-defined  clinical  form  of  disease.  .  .      ^i  , 

Xr  a  longer  or  shorter  period  of  defective  vision,  the  apparent 
cause  of  wWch  Is  hemorrhagic  opacity  of  the  vitreous,  tii ere  may  he 
een  covlring  more  or  less  completely  the  papdla  and  extending  ove 
he  sxurounding  retina,  a  markedly  promment  and  deep  y  folded  oi 
f    r.irl  Xi.h  onacitv    This  fibrous  or  membranous  lookmg  opacitj 
rrie  tte'of  he  la^ge  vessels,  which  it  to  a  great  extent  hides, 
but  In  the  furrows  may  b°e  seen  vessels  apparently  newly  formed 
In  the  region  about  the  mam  mass  of  connective  tissue  which  s 
enttl  op^acity  represents,  may  generally  be  --  whitish^ 
onacities  stretching  further  towards  the  periphery  of  the  letina 
Ee  Se  no  doubt  vessels  surrounded  by  a  dense  opacity  caused  by 
^eXasculSis     Haemorrhages  into  the  vitreous  seem  always  to  accom- 
and  these,  along  with  the  -^^^^^'^T^ 
subsequently  make  its  appearance,  make  the  image  which  it  is  os 
sMe  ?robta'in  with  the  ;>phthalnioscope.  as  a  rule        vei^  d,  n^^^ 
Possiblv  this  h«imorrhage  is  in  some  way  connected     th  the  ioima 
tion  of^  the  fibrous  tissue  bands.     Cases  of  recurrent  hemorrhage 
So  the  vLous  are  certainly  afterwards  found  to  present  m^^^^^^ 
same  appearances.    As  yet  only  one  case,  so  far      I  '^J.^^^' 
has  bein  examined  microscopically,  and  is  fully  described  by  Manz. 


EMBOLISM  OF  CENTRAL  ARTERY  OF  RETINA.  209 

i'rom  his  description  oi.  this  case,  there  can  be  little  doubt  that  the 
appearances  were  caused  by  a  chronic  form  of  inflammation  of  the 
retina,  leading  to  an  excessive  hyperplasia  of  the  inner  surface  of  the 
membrane  in  the  region  of  the  main  vessels. 

I  have  only  seen  the  disease  in  one  eye,  but  it  occurs  apparently  at 
least  as  frequently  in  both.  The  cause  is  unknown.  In  some  cases 
there  have  been  cardiac  symptoms,  which  may  possibly  have  had  some 
influence.  I  have  seen  this,  and  also  evidences  of  anterior  sclero- 
choroiditis.  A  case  is  described  by  Mackenzie  in  the  old  Ophtlialmic 
Review,  which  was  probably  one  of  retinitis  proliferans,  and  in  which 
there  seemed  to  be  a  connection  between  the  condition  and  oxaluria. 

According  to  Manz,  improvement  may  take  place  and  be  accom- 
panied by  partial  disappearance  of  the  ophthalmoscopic  changes.  He 
recommends  treatment  by  mercurial  inunction  and  leeching.  Most 
cases  are  probably,  however,  little  benefited  by  any  treatment. 

Embolism  of  the  Centeal  Artery  of  the  Eetina. — Not 
long  after  the  important  discovery  of  the  embolic  plugging  of 
arteries  by  Virchow,  a  case  of  embolism  of  the  central  artery  of 
the  retina  was  diagnosed  by  von  Graefe,  and  the  diagnosis  then 
made  confirmed  on  post-mortem  examination  by  Schweigger  five 
years  afterwards.  Since  that  time  the  demonstration  that  the 
symptoms  and  ophthalmoscopic  appearances  usually  referred  to 
this  lesion  are  really  due  to  plugging,  has  been  several  times 
repeated,  amongst  others  by  Nettleship  and  Priestley  Smith. 

It  is  only  rarely  that  the  circulation  is  completely  stopped 
in  the  retinal  vessels ;  when  this  is  the  case,  no  pulsation  can  be 
obtained  in  the  artery  by  pressure  on  the  eye.  The  diminished 
supply  of  blood  flowing  into  the  eye  causes  the  arteries  to  appear 
smaller,  while  at  the  same  time  the  streak  of  reflected  light 
along  them  becomes  less  apparent,  or  is  altogether  absent.  The 
veins,  too,  may  be  smaller  than  normal,  though  this  is  usually 
the  case  only  with  those  portions  which  are  on  and  near  the 
disc.  They  are  often  rather  distended  further  towards  the 
periphery  and  taper  towards  the  disc.  The  ischaemia  is  ren- 
dered further  apparent,  too,  by  the  invisibility  of  the  smaller 
vessels.  What  looks  like,  and  is  often  described  as,  spontaneous 
pulsation,  may  be  seen  in  the  arteries,  due  to  the  partial  inter- 
ruption of  the  blood  flowing  into  them,  producing  a  more  or 
less  marked  difference  in  the  degree  of  their  distension  with 
every  systole.  The  intermittent  passages  of  broken  columns  of 
Wood  may  sometimes  be  observed  in  the  veins  when  the  cir- 
culation is  not  altogether,  but  all  but,  stopped. 
14 
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Besides  the  varying  appearances  met  with  m  the  vessels 
indicative  of  circulatory  impediments,  an  embohsm  of  the 
central  artery  produces  other  and  more  characteristic  changes 
in  the  retina,  which,  however,  last  only  a  short  time  after  the 
accident    The  central  portion  presents  a  whitish  opaque  ap- 
pearance, not  unlike  the  bloom  on  fruit.    This  appearance  is 
due  to  oedema.    It  is  most  intense  round  the  macula  and  optic 
nerve  and  often  indeed  hardly  appreciable  elsewhere.    As  a 
rule  too  in  the  area  occupied  by  the  oedema  it  does  not  present 
an  equal  density  or  opacity  throughout,  but  the  whiteness 
tends  to  fade  off  at  about  equal  distances  from  the  papiUa 
and  macula.    Thus,  midway  between  the  macula  and  the  disc. 


J.  T.T. 


Fig.  62. — Embolism  of  central  artery. 


it  is  seldom  if  ever  so  dense  as  in  the  vicinity  of  either.  The 
oedema  has,  too,  a  more  streaky  appearance  round  the  disc.  At 
the  centre  of  the  macula,  and  corresponding  in  position  to  the 
fovea  centralis,  there  is  no  opacity.  Owing  to  this,  the  appear- 
ance presented  by  this  portion  of  the  retina  is  very  remarkab  e, 
and  generally  described  as  a  cherry  red  spot.  So  strong  is  the 
contrast  between  the  colour  of  the  fovea  and  the  surrounding 
retina,  that  this  appearance  cannot  fail  to  at  onCe  attract  atten- 
tion The  cherry  red  spot  in  the  middle  of  the  oedematous 
opaque  retina,  when  taken  along  with  the  history  of  sudden 


EMBOLISM  OF  CENTRAL  ARTERY  OF  RETINA.  211 


and  spontaneous  loss  of  sight,  is  perfectly  characteristic  of  an 
interruption  in  the  circulation.  A  similar  change,  though 
rarely  if  ever  so  definitely  marked,  may  follow  severe  hlows 
on  the  eye. 

Whether  the  interruption  in  the  circulation  in  any  given 
case  is  due  to  embolism  of  the  artery,  or  to  thrombosis  in  the 
vein,  or  htemorrhage  into  the  sheath  of  the  nerve,  causing 
compression  of  the  nerve  and  vessels,  is  not  always  easy  to 
determine.  The  subjective  symptoms  are  the  same  in  all  causes 
of  interruption.  The  first  cause  is  probably  considerably  the 
most  common.  There  are  apparently  two  forms  of  thrombosis, 
the  phlebitic  and  marastic.  Angelucci,  who  had  an  opportunity 
of  verifying  in  four  different  cases  the  diagnosis  of  thrombosis 
made  during  life,  gives  the  following  points  as  of  importance  in 
the  differential  diagnosis.  Embolism  of  the  central  artery: — 
jSTormal  course  of  vessels,  arteries  narrowed,  veins  gradually 
increasing  in  calibre  towards  periphery,  no  venous  pulsation, 
absence  or  scantiness  of  retinal  hasmorrhages.  Thrombosis  of 
central  vein : — Tortuosity  of  vessels,  arteries  of  normal  calibre 
or  nearly  so,  veins  gorged  with  blood  and  here  and  there  inter- 
rupted, venous  pulsation,  retinal  htemorrhages.  Certainly  some 
cases  of  embolism  are  accompanied  by  haemorrhages,  but  they 
are  never  very  numerous,  and  we  should  expect  in  thrombosis 
to  find  this  feature  more  pronounced. 

The  oedema  of  the  retina  does  not  come  on  immediately  on 
the  plugging  of  the  vessels,  and  takes  several  hours,  or  even  a 
day  or  two,  to  reach  its  height.  It  then  slowly  passes  off,  leav- 
ing no  trace  after  a  week  or  two.  The  diagnosis  may  not  then 
be  so  easy  unless  the  appearances  in  the  vessels  are  marked. 
It  will  depend  more  on  the  history  and  the  nature  of  the  visual 
defect. 

Embolism  of  the  central  artery  causes  sudden,  and  in  most 
cases  all  but  complete,  and  permanent  blindness.  So  sudden  is 
the  loss  of  vision,  that  patients  are  only  conscious  of  having  all 
at  once  become  blind  in  one  eye.  If  it  occurs  during  the  night, 
they  find  on  waking  that  they  have  lost  the  sight  of  one  eye ; 
if  during  the  day,  they  may  be  conscious  of  a  rapid  veiling  of 
the  sight,  which  has  become  quickly  denser  and  denser,  until 
after  the  lapse  of  not  more  than  a  minute,  all  siglit  has  gone. 
Occasionally  the  eventual  blindness  is  preceded  by  a  kind  of 
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aura-an  obscuraUon-followed  by  complete  recovery.  This 
„uay  even  take  place  several  times  at  longer  or  shorter  intervals 
before  the  blood  supply  is  definitely  and  finally  cut  ott  In  a  few 
cases  some  amount  of  vision  is  regained,  but  it  rare  y  if  evei 
happens  that  the  patient  recovers  anything  like  useful  sight. 

The  suddenness  of  the  blindness  produced  by  the  cutting  ott 
of  the  blood  supply  to  the  retina  is  a  remarkable  -^^fj^^^^ 
of  the  close  dependence  of  its  functional  activity  on  its  blood 
supply    The  absence  of  anastomosis  with  other  trunks,  too,  is 
the  cause  of  the  blindness  remaining  permanent,  so  that  on  y 
where  the  plugging  is  incomplete  from  the  first  can  any  sub- 
sequent improvement  be  looked  for.    No  visible  neciw  of  tl^ 
retina  takes  place.    This  is  a  somewhat  remarkable  fact,  but  is 
probably  accounted  for  by  the  blood  supply  to  a  great  part  ot 
the  retina  being  drawn  from  the  choroidal  vessels.  ■ 
.       In  a  number  of  cases  a  small  portion  of  the  temporal  side  of 
the  field  of  vision  retains  some  vision.    Usually  this  is  only 
slight  merely  amounting  to  appreciation  of  the  movements  of 
the  hand  in  this  position.    This  circumstance  is  of  some  im- 
portance in  the  diagnosis  in  a  difficult  case  when  aU  distinctive 
obiective  signs  have  disappeared.    When  taken  along  with  the 
history  of  sudden  onset,  and  the  presence  of  some  cardiac 
lesion  it  would  render  the  diagnosis  of  embolism  not  unlikely. 

Occasionally  the  embolism,  instead  of  settling  m  the  mam 
trunk  may  plug  one  of  the  branclies  of  the  central  artery.  There 
is  thek  produced  a  defect  in  the  field  of  vision  corresponding  to 
the  portion  of  retina  supplied  by  the  plugged  vessel.    This  is  a 
much  rarer  accident  than  embolism  of  the  trunk.    I  have  seen 
one  case,  and  had  an  opportunity  of  observing  the  appearance 
produced  a  few  hours  after  the  infarction  took  place.  The 
position  of  the  embolism  could  be  distinctly  seen  by  the  sudden 
narrowing  of  the  artery  on  the  other  side  of  it.    The  surround- 
ino-  retina  over  an  area  equal  in  size  to  the  disc  was  oedematous, 
and  presented  the  same  appearance  as  the  macular  region  m  the 
blocking  of  the  central  trunk.    A  well-marked  scotoma  existed 
in  the  field,  corresponding  closely  to  this  oedematous  area.  This 
disappeared  in  the  course  of  a  few  days,  and  there  was  no 
appreciable  permanent  interference  with  vision. 

Possibly  some  such  cases  are  not  really  cases  of  embolism,  but 
of  locaUsed  spasmodic  contraction  of  retinal  arteries.   The  exist- 
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ence  of  a  scotoma  corresponding  to  the  oedematous  area  is  a 
significant  fact  wliich  lias  not  yet  received  sufficient  attention. 

In  most  cases  there  is  some  affection  of  the  heart,  but  it  is 
not  always  possible  to  diagnose  this  with  certainty.  Both  eyes 
are  never  blinded  by  embolism  at  the  same  time,  and  cases  in 
which  the  accident  happens  first  in  one  and  then  in  the  other 
are  of  extreme  rarity. 

While  the  prognosis  is  therefore  absolutely  bad  as  regards 
the  affected  eye,  the  other  may  be  looked  upon  as  perfectly  safe. 
There  is  more  danger  of  embolism  occurring  elsewhere,  and 
leading  to  other  paralysis. 

Very  little  can  be  done  in  the  way  of  treatment  for  embolism 
in  the  retinal  arteries.  Kneading  or  massage  of  the  eye  is 
recommended,  and  is  said  to  have  dislodged  the  clot  and  led  to 
improvement  in  a  few  cases.  There  can  certainly  be  no  harm 
in  trying  this.  I  have  done  so  several  times,  but  without  success. 
Iridectomy  and  paracentesis  of  the  aqueous  chamber  are  also 
recommended  by  some,  with  the  object  of  rapidly  reducing  the 
intraocular  tension. 

Detachment  oj  the  Eetina. — Cases  in  which,  either  as  the 
result  of  accident  or  of  disease,  the  retina  becomes  detached  from 
the  choroid,  are  of  pretty  frequent  occurrence.  The  separation 
takes  place  between  the  hexagonal  pigment  layer  and  the  layer 
of  rods  and  cones,  the  former  remaining  attached  to  the  choroid. 

Detachment  of  the  retina,  though  its  existence  was  known 
to  surgeons  in  the  pre-ophthalmoscopic  times,  was  rarely 
diagnosed, — only,  indeed,  when  the  detached  portion  lay  so  far 
forward  that  it  could  be  seen  through  a  clear  crystalline  lens. 
The  disease  was  considered  uncommon,  and  was  described  by 
different  authors,  amongst  others  by  Wardrop,  who  figured  a 
case,  as  "dropsy  of  the  choroid  coat."  Very  soon  after  the 
invention  of  the  ophthalmoscope  cases  were  diagnosed  by  the 
aid  of  that  instrument,  and  it  was  not  long  before  von  Graefe 
gave  a  very  complete  clinical  description  of  the  disease. 

Detachment  of  the  retina  may  be  primary,  that  is  to  say, 
unaccompanied  by  any  apparent  inflammation,  or  secondary  to 
affections  such  as  cyclitis,  which  gradually  lead  to  shrinking  of 
the  eye.  Tumours  springing  from  the  choroid,  too,  give  rise  to 
detachment.  In  some  rare  cases  the  detachment  occurs  where 
there  is  inflammation  of  the  retina  itself,  as  in  albuminuric 


214 


DISEASES  OF  RETINA  AND  OPTIC  NERVE. 


retinitis.  Such  cases  are  always  described  at  all  events  as 
cases  of  detachment,  but  it  is  by  no  means  certain  that  the 
retina  is  actually  detached.  Probably  in  most,  if  not  all  the 
appearance  is  due  to  excessive  infiltration  of  the  retina  itself,  so 
that  its  inner  surface  comes  to  occupy  a  position  which  causes 
it  to  appear  detached.  In  traumatic  cases  the  separation  may 
take  place  at  once,  or  not  until  some  time  has  elapsed.  Idio- 
pathic detachment  of  the  retina  comes  on  either  suddenly  or 
gradually ;  the  first  is  more  common. 

The  objective  appearances  met  with  are  usually  sufficiently 
characteristic  to  render  the  diagnosis  with  the  aid  of  the 
ophthalmoscope  easy.    Occasionally,  owing  to  transparency  of 
the  detached  portion,  or  to  this  circmnstance  combined  with 
shallowness  and  small  extent  of  the  detachment,  the  nature  of 
the  disease  can  only  be  made  out  with  certainty,  if  at  aU,  by 
very  careful  examination.    Often,  too,  a  difficulty  in  the  ophthal- 
moscopic diagnosis  may  arise  from  the  presence  of  opacities  m 
the  lens  or  vitreous.    The  diagnosis  is  made  by  observing  that 
some  portion  of  the  fundus  is  seen  to  disappear  suddenly  out 
of  focus,  and  often  at  the  same  time  to  be  altered  in  colom', 
sometimes  to  a  bluish,  at  others  to  a  greenish  grey,  according 
to  the  manner  in  which  the  light  is  reflected  from  its  surface. 
When  the  vessels  on  the  surface  of  this  detached  portion  are 
focussed  for,  they  appear  darker  by  direct  examination,  and 
often  smaUer  than  normal.    The  detached  retina,  too,  may  as  a 
rule  be  seen  to  shake  or  even  sway  about  with  the  slighest 
movement  of  the  eye.    When  the  retina  remains  clear,  owing 
to  the  absence  of  any  turbidity  of  the  fluid  behind  it,  as  is 
often  the  case  in  the  beginning,  and  sometimes,  especially 
in  young  individuals,  for  long  after  it  is  detached,  no  indica- 
tion may  be  afforded  by  alteration  of  colour.    The  diagnosis 
will  then  depend  upon  one's  finding  an  area  which,  m  order 
to  be  distinctly  seen,  requires  an  alteration  in  the  focus.  On 
examination  by  the  direct  method,  the  interposition  of  a  weaker 
concave  or  a  stronger  convex  glass  will  be  necessary;  while 
by  the  indirect  method  the  observer  will  have  to  withdraw 
his  head  and  the  interposed  convex  lens  more  or  less.  At 
the  same  tmie  the  vessels  over  this  more  hypermetropic  area 
are  blacker  than  in  the  immediate  iieighliourhood  where  the 
retina  is  in  position.    A  parallactic  movement  of  the  vessels 
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over  the  red  fundus  can  often  be  made  out  too,  more  especially 
if  a  choroidal  vessel  can  be  seen  behind  the  detachment.  It 
is  rare  that  the  detachment  is  so  shallow  all  over  that  the 
diagnosis  cannot  possibly  be  made  with  certainty  by  paying- 
attention  to  these  points.  On  the  other  hand,  the  retina  is 
sometimes  pushed  so  far  forward  that  it  can  be  seen,  through 
the  media  of  the  eye  without  the  ophthalmoscope. 

The  dark  appearance  which  the  vessels  on  the  detached 
portion  of  the  retina  so  often  present  is  due  to  their  being 


Fig.  63. — Detachment  of  retina. 

seen  to  a  great  extent  by  transmitted  light,  just  as  the  strire 
in  an  incipient  cataract  appear  black  when  examined  with 
the  ophthalmoscope.  The  diminu.tion  in  the  apparent  size  of 
the  vessels  when  seen  by  direct  ophthalmoscopic  examination 
is  accounted  for  by  their  lying  in  front  of  the  focal  plane 
of  the  eye.  It  is  consequently  more  marked  the  deeper  the 
detachment. 

At  some  portion  of  the  detached  retina  there  may  often  be 
seen  a  rent  or  rupture  in  it.    This  varies  very  much  in  size  and 
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has  a  very  characteristic  appearance,  allowing  the  choroid  to 
be  seen  with  perfect  distinctness  through  the  opening.  The 
margins  of  the  rent  may  sometimes  be  seen  turned  in  towards 
the  vitreous.  The  occurrence  and  appearance  of  these  rents, 
which  were  first  observed  by  von  Graefe,  have  recently  been 
shown  to  have  important  bearings  on  the  pathology  of  detach- 
ment of  the  retina. 

In  some  cases,  especially  where  the  detachment  has  been 
hffimorrhagic,  there  may  be  seen  irregularly  disposed  straw- 
coloured  stria3  or  star-shaped  opacities  in  the  retina.  These 
might  be  taken  for  scars,  did  they  not  frequently  appear 
to  interlace  and  lie  behind  perfectly  intact  vessels.  They  are 
in  all  probability  fibrinous  deposits  at  the  back  of  the  mem- 
brane. 

Von  Graefe  supposed  at  first  that  although  a  sudden  serous 
exudation  might  possibly  take  place,  the  fluid  producing  detach- 
ment was  as  a  rule  blood.  This  view  was  shown  to  be  erroneous, 
when  opportunities  occurred  for  anatomical  examination.  It 
was  then  discovered  that  most  frequently  the  subretinal  fluid 
is  serous,  of  a  clear  straw  colour,  and  exceedingly  rich  m  albu- 
men. It  sometimes  becomes  turbid,  and  may  contain  cholesterin. 
Thus  Nettleship  has  described  a  case  where  crystals  of  this 
substance  were  found  in  the  anterior  chamber,  having  passed 
through  an  aperture  communicating  with  the  subretinal  space. 

Atrophic  changes  are  found  to  take  place  in  the  retina  which 
is  detached.  It  may  at  the  time  of  examination  have  lost  all 
its  nerve  elements  and  be  converted  into  a  mere  connective 
tissue  membrane.  Very  often,  on  examining  an  eye  in  which 
there  has  been  an  old  detachment  which  has  become  total,  the 
retina  is  found  to  be  separated  in  the  shape  of  a  funnel  or 
convolvulus  with  its  apex  at  the  optic  nerve  and  its  base  at  the 
lens  and  ciliary  processes. 

In  almost  all  cases  where  the  detachment  has  existed  for 
some  time,  and  is  not  produced  by  tumour,  the  intraocular 
tension  is  found  to  be  diminished.  This  may  or  may  not  be  the 
case  at  the  time  the  retina  becomes  detached.  In  a  few  cases, 
even  although  there  is  no  tumour  present,  the  tension  of  the 
eye  is  increased  instead  of  diminished.  Tliis  may  be  due  to 
complication  with  iritis  and  total  synechia,  or  there  may  be  no 
visible  inflammatory  changes  in  the  anterior  part  of  the  eye, 
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but  a  true  glavicoraa.  I  have  several  times  seen  glaucomatous 
excavation  of  the  papilla  co-exist  M^ith  detachment  of  the  retina. 
This  may  possibly  be  merely  a  coincidence  of  the  tv^o  affections, 
between  v^^hich  there  may  be  no  relation. 

The  suhjcctwc  symptoms  vary  according  to  the  portion  of 
the  retina  detached,  the  state  of  vision  in  the  other  eye,  and  the 
rapidity  with  which  the  detachment  is  developed.  They  are — 
defective  central  and  peripheral  vision,  metamorphopsia,  and 
night  blindness.  Often  for  a  longer  or  shorter  period,  before  any 
actual  displacement  has  taken  place,  the  patient  complains  of 
muscfB  or  black  spots  of  different  shapes  and  sizes  floating  in  front 
of  his  eyes,  and  of  subjective  light  sensations,  flashes,  and  rays 
of  light,  coloured  as  well  as  uncoloured.  When  the  detachment 
does  occur  he  is  often  conscious  of  a  cloud  coming  in  front 
of  his  field  of  vision.  This  is  more  likely  to  be  observed  in 
cases  which  come  on  suddenly  and  in  which  the  vision  of  the 
other  eye  is  lost.  It  is  almost  always  noticed  where  the  detach- 
ment is  caused  by  tumour,  as  in  such  cases  the  central  vision  is, 
as  a  rule,  relatively  much  better  than  in  those  in  which  the 
disease  is  idiopathic.  At  the  same  time  the  outlines  of  objects 
appear  distorted.  The  apparent  irregularity,  too,  which  they 
present  is  apt  to  be  inconstant,  and  to  change  much  like  the. 
images  reflected  from  the  wavy  surface  of  disturbed  water.  The 
distorted  objects  often  appear  to  be  bordered  by  colour. 

There  is  usually  more  or  less  night  blindness  produced, 
the  light  sense  being  greatly  reduced,  both  with  respect  to 
the  minimum  amount  of  light  visible,  and  the  perception  of 
differences  in  illumination.  A  remarkable  tendency  to  confuse 
between  blue  and  green  is  often  met  with.  This  may  possibly 
be  due,  as  Leber  suggests,  to  the  absorption  of  the  blue  rays 
by  the  yellowish  subretinal  fluid ;  or  it  may  be  caused  by  ab- 
sorption by  fluid  lying  in  front  of  the  retina. 

In  cases  of  detached  retina,  where  the  condition  has  lasted 
for  some  time,  there  is  usually  a  marked  contraction  in  the  field 
of  vision  corresponding  to  the  portion  of  retina  detached.  As 
the  recently  detached  retina  retains  its  function  to  some 
extent,  the  restriction  of  the  field  in  fresh  cases  may  often 
escape  observation  unless  the  examination  be  made  in  subdued 
light.  The  boundar  ies  for  peripheral  colour  vision  are  narrower 
than  the  line  separating  the  undetached  from  the  detached 
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portion  of  the  retina,  that  is  to  say,  the  field  of  vision  is  more 
restricted  for  colours  than  for  white  light.  The  defect  m  the 
field  of  vision  has  most  frequently  a  more  or  less  indefinite,  Ui- 
defined,  and  irregular  boundary.  If  the  field  be  at  first  restricted 
below,  which 'is  frequently  the  case,  an  extension  upwards  ot 
the  restriction  is  not  unlikely  to  follow,  corresponding  to  the 
tendency  to  gravitation  of  the  subretinal  fluid.  In  this  exten- 
sion either  or  both  sides  of  the  field  in  the  neighbourhood  of 
the  point  of  fixation  may  be  involved,  even  the  fixation  pomt 

'^'^In  almost  aU  cases  of  simple  detachment  of  the  retina  the 
central  visual  acuity  is  more  or  less  diminished.  This  is  due  no 
doubt  to  an  oedematous  condition  at  the  macula.  When  tne 
detachment  is  caused  by  tumour  the  defect  in  the  field  is 
usually  much  more  strongly  defined,  whilst  the  central  vision 
may  remain  unaffected.  This  point  may  be  of  some  diagnostic 
importance  in  a  doubtful  case. 

When  detachment  of  the  retina  occurs  idiopathicaliy,  it  is 
frequently  found  in  both  eyes.     Only  occasionaUy,  however, 
does  the  detachment  occur  simultaneously,  or  nearly  so,  m  the 
two  eyes.     Generally  a  considerable  time,  often  many  years, 
elapses  before  the  second  is  affected.   It  would  be  of  considerable 
practical  importance  if  one  were  able  to  tell  in  what  cases  the 
•  retina  of  the  second  eye  was  likely  to  become  detached,  and 
what  appearances  and  symptoms,  positive  or  negative  would 
indicate  a  safe  prognosis  in  this  respect.    Probably  when  the 
diaanosis  of  detachment  of  the  vitreous -which  there  seems 
eve?y  reason  to  believe  always  precedes  the  retinal  separation- 
becomes  more  easy,  an  advance  may  be  made  in  this  direction. 
The  condition  of  the  light  sense  may  possibly  afford  information, 
too  on  this  point.   The  occurrence  of  subjective  bght  and  colour 
sensations,  and  a  notable  increase  in  the  number  of  muses,  is 
always  a  suspicious  circumstance. 

Detachment  of  the  retina  is  more  frequent  m  old  than  m 
young  individuals,  the  number  of  cases  increasing  with  each 
decade  up  to  sixty  at  all  events,  as  has  been  shown  by  statistics 
coUected  by  A.  Pagenstecher,  Poncet,  and  others.  It  is  for  some 
reason  or  other  more  frequently  met  with  in  men  than  in  women. 
It  occurs  in  eyes  presenting  all  the  difterent  states  of  refraction. 
Taking  the  average  of  a  number  of  German  statistics  on  this 
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point,  I  find  that  in  rather  more  than  sixty  per  cent,  there  is 
myopia,  or  in  about  three  out  of  every  five  cases.  Horner's 
statistics  showed  fifty-seven  per  cent.,  and  in  this  country, 
where  myopia  is  not  so  common  as  in  Germany,  the  preponder- 
ance of  myopic  cases,  if  it  exists  at  all,  is  certainly  not  so 
marked.  With  reference  to  the  frequency  of  the  disease  in 
myopia,  statistics  by  Hortsmann  and  Schleich  show  it  to  occur 
about  once  in  every  thirty  cases  in  Berlin.  This  is  certainly 
rather  high,  as  cases  of  simple  myopia  are  often  not  seen  by 
an  ocuhst  at  all,  and  besides,  it  would  indicate  a  greater 
frequency  of  the  disease  than  is  actually  found  in  most  places. 

The  retina  may  be  detached  at  any  part,  but  in  a  large  pro- 
portion of  cases  some  part  of  the  upper  half  is  detached.  Thus, 
of  one  hundred  and  twenty-six  cases  occurring  at  Gottingen,  only 
thirty-nine  were  found  not  to  involve  some  portion  of  the  upper 
half  of  the  retina.  In  the  course  of  time  the  lower  portions  as 
well  are  apt  to  become  detached  by  the  gravitating  of  the  sub- 
retinal  fluid. 

Cases  which  have  existed  for  some  time  are  very  often  com- 
plicated with  cataract,  and  the  opaque  lens  not  infrequently 
undergoes  subsequent  calcareous  degeneration.  Opacities  in  the 
vitreous  are  sometimes  met  with  too,  and  this  is  almost  always 
the  case  where  the  detachment  has  been  caused' by  hiemorrhage, 
either  spontaneous  or  following  injury  to  the  eye.  In  these  cases 
the  opacities  are  often  membranous. 

The  prognosis  in  detachment  of  the  retina  is  always  bad. 
Most  cases  go  on  to  complete  blindness,  but  as  a  rule,  in  idio- 
pathic cases,  the  eye  retains  its  shape  and  does  not  give  trouble. 
Sometimes  inflammatory  changes  make  their  appearance  and  end 
in  shrinking  of  the  eye ;  at  other  times  the  subjective  sensations 
give  rise  to  much  discomfort.  In  a  very  few  cases  improvement 
takes  place  owing  to  the  retina  becoming  reapplied,  but  even 
after  this  is  permanent  the  vision  is  not  fully  restored.  All 
that  one  could  possibly  expect,  indeed,  would  be  for  the  detached 
portion  to  adhere  sufliciently  flrmly  to  prevent  the  hitherto  un- 
detached  part  becoming  separated,  and  allow  of  the  improvement 
taking  place  in  it  which  might  be  possible  from  the  disappear- 
ance of  any  oedema.  A  certain  amount  of  inflammation  would 
almost  be  necessary  to  effect  this.  Occasionally  there  seems  to 
be  a  marked  tendency  to  repeated  recurrence  of  a  clear  detach- 
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ment.    The  pathology  of  such  cases  may  possibly  be  different 
from  the  usual  form. 

The  patlxolocjy  of  detachment  of  the  retina  is  not  yet  quite  under- 
stood, although  the  researches  of  Leber  and  Isordenson  have  recently 
gone 'far  to  dear  up  the  matter.    Much  more       l^^^^^YJlSe  to 
hefore  the  explanation  given  by  them  can  be  regarded  as  apphcab  e  to 
all  cases     The  difdculty  has  always  been  to  explain  how  a  sudden 
effusion  of  fluid  could  take  place  below  the  retina  without  giving  rise 
to  increased  tension,  or  why  indeed,  as  the  intraocular  Pi-eBS^;;« 
tend  to  keep  the  retina  pressed  against  the  choroid,  there  should  be 
any  possibihty  of  its  becoming  separated,  unless  some  sudden  loss  of 
tension  by  perforation  of  the  globe  took  place.   Two  mam  views  have 
W  held  for  a  long  time.    In  the  first  place,  the  detachment  was 
ascribed  to  a  process  of  shrinking  in  the  vitreous.    This  l^ad  ear  y 
been  recognised  as  the  result  of  anatomical  examination  by  Arlt  and 
MiiUer  in  cases  where  the  detachment  was  secondary  to  cyciitis.  A 
similar  cause  was  also  apparent  where  a  separation  took  place  some 
time  after  haemorrhage  mto  the  vitreous,  as  here  ^be  con  raction  of  the 
hlood  clot  might  drag  on  and  detach  the  retma.    Eut  it  was  not  easy 
to  understand  how,  with  a  normal  or  nearly  normal  transparency  of 
the  vitreous,  there  could  be  exerted  by  it  a  traction  which  could  g  ve 
rise  to  a  spontaneous  detachment  of  the  retina,  and  yet  this  sudden 
detachment  hi  an  eye  in  which  the  media  were  clear  was  the  most 
common  case  callmg  for  explanation.    The  second  ^^f^^^f^^l^J'^ 
assuming  that  an  exudation  took  place  from  the  choroid,  and  by  acc  un- 
ulatmg  between  it  and  the  retina  caused  the  separation  of  the  retina 
This  view  was  apparently  supported  when  Each  mann  Propounded  t  e 
hypothesis  that  such  an  exudation  might  readily  be  supposed  to  take 
place  if  the  detachment  were  preceded  by  some  alteration  m  the 
ihemical  constitution  of  the  vitreous,  which  gave  rise  to  an  intei- 
ference  ui  the  process  of  diffusion  taking  place  between  the  blood 
m  the  chorio-caiiUaris  and  the  presumably  salme  solution  occupy  ng 
the  vitreous  chamber.    The  untenabihty  of  ^l^^^l^yP^^^I,!;' 
is  apparent,  as  Nordenson  and  others  have  pointed  out  f'^"^  ^h^^^^^^^^^ 
tha  the  vilreous  chamber  contains  exactly  he  same  albummous  flu 
as  lies  behind  the  retina.    Besides,  it  ascribes  to  ^be  Imng  let^na  m 
dtn  the  same  properties,  as  far  as  osmosis  goes,  as  ^  ^ead  menibiane^ 
on  which  assumption  it  would  be  difficult  to  miderstand  f^l^^^^ 
retains  its  position.    Stellwag  seems  to  have  been  the  first  to  maiutain 
that  there  must  be  some  diseased  condition  of  the  vitreou  to  ad  mt  o 
the  possibility  of  detachment  of  the  retina,  while  the  tiemblmg  oi 
shaking  which  can  usually  be  seen  in  the  detachment  would  on^^  be 
possible  if  there  were  a  fluid  both  before  and  behmd  it.  J'^J^^ 
step  in  advance  was  made  by  Iwanotf,  who  showed  that  the  retinal 
detachment  was  always  preceded  by  a  detachment  of  the  ^"^^^^^ 
the  subvitrinal  space  being  occupied  by  fluid     After  this  di  oveiy 
Wecker  came  with  the  hypothesis  that  the  subyitrmal  flmd  found  its 
way  behind  the  retina  as  soon  as  a  rent  occurred  in  that  membrane. 
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Leber,  who  had  found  that  a  process  of  fibrillar  shrinking  took 
place  in  the  anterior  portion  of  the  vitreoi;s  leading  to  its  detachment, 
and  that  the  margins  of  the  rent  or  rents  found  in  the  retina  were 
always  tvu'ned  in  towards  the  vitreous,  came  to  the  conclusion  that  the 
shrinking  vitreous,  while  maintaining  its  transparency,  dragged  on  the 
retina,  eventually  causing  a  rupture.  When  this  rupture  took  place 
he  supposed  that  the  fluid  in  the  vitreous  then  passed  m  behind  the 
retina,  through  the  rupture,  and  filled  up  the  space  left  by  the  mem- 
brane, Avliich  was  drawn  forwards  at  the  place  of  its  attachment  to  the 
shrmking  vitreous.    This  explanation  has  been  very  strongly  con- 


FlG.  64. — Case  of  detachment  of  the  retina,  with  rupture. 

firmed  by  Nordenson's  investigations.  There  can  be  little  doubt  that 
it  represents,  if  not  exactly,  very  nearly  what  actually  happens  in 
many  cases. 

A  rupture  in  the  retina  would  thus  appear  to  be  necessary 
for  an  idiopathic  detachment  to  take  place.  As  a  matter  of 
fact,  such  a  rupture  (sec  Fig.  61)  is  sometimes  to  be  seen  with 
the  ophthalmoscope,  but  by  no  means  invariably.  In  one  hundred 
and  nineteen  cases  in  which  Nordenson  looked  for  it  he  found  it 
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oulY  in  forty-six.  He  remarks  very  truly,  liowever,  that  the  rupture, 
Sgh  present,  might  very  readily  escape  detection  wrth  the  ophthal- 
moscope, for  a  munber  of  reasons-on  account  of  opacity  of  the 
V  keous  hy  its  being  too  peripheral,  by  being  covered  by  a  fold  of 
S  iia  or  oling  to  the  reapplication  of  the  portion  of  the  retina  which 
had  b;en  Ln  tfter  a  sinliig  of  the  fluid  had  taken  place  behind  i  . 
In  the  cases  where  it  was  seen  it  was  found  m  aU  parts  of  the  retina 
but  most  frequently  in  the  upper  and  outer  quadrant.  Only  verj 
rarelv  indeed  was  there  more  than  one  rent  m  the  same  eye  In 
some  cases  a  deepening  of  the  anterior  chamber  and  retraction  of  the 
lens  is  observed  along  with  detached  retina,  and  is  probably  also  due 
to  shrinking  in  the  vitreous.  .    ^  ^^  ■  ri„ 

The  question  naturally  then  arises.  What  gives  rise  to  this  consolida- 
tion and  shrinking  of  the  vitreous  which  appears  from  recent  careful  ana- 
tomical investigation  to  be  an  actual  fact  ?    The  increase  m  the  number 
of  cases  as  age^dvances  suggests  the  possibility  of  its  being  a  sende 
chancre,  and  indeed  the  only  difference  in  anatomical  stmcture  presented 
by  he  shruiilcen,  as  compared  with  the  normal  vitreous,  is  the  greater 
dlnsity  and  approximation  of  the  fibrous  or  connective  tissue  elements 
siiggesLg  a  loss  of  more  or  less  of  the  water  by  which  they  are  in  the 
heaVthy  s°tate  swoHen  out.     mether  this  takes  place  ^ithou  the 
occurrence  of  some  form  of  choroidal  inflammation  Avhich  gives  rise  to 
an  interference  with  the  nutrition  of  the  vitreous,  does  not  as  yet  seem 
quite  clear.    The  greater  frequency  of  the  disease  along  mth  myopia 
very  probably  due  to  the  frequent  association  of  choroiditis  ^;lth  that 
statue  of  refraction,  and  not,  as  was  first  supposed  ^7       Graefe  to  any 
dracxc^inc.  which  the  gradual  distension  of  the  elongated  eye  exerted  on 
theTe  ina     I  have,  for  instance,  seen  detached  retina  in  a  father  and 
two  sons,  aged  ten  akd  twelve  respectively,  the  father  with  myopia  and 
the  sons  with  some  traces  of  choroiditis,  but  with  emmetropic  refrac- 
tfon.    Here  it  is  not  perhaps  too  far-fetched  to  assume  than   he  son 
inherited  that  condition  of  the  vitreous  and  choroid,  which  m  the 
father  led  both  to  an  antero-posterior  elongation  of  the  globe  and  a 
detachment  from  shrinkage,  but  in  them  merely  to  tli^B  ktte      i  e 
occasional  subsequent  association  with  iritis  in  cases  of  ^^tach  ^^^^^^^^^^^ 
points  also  to  a  uveal  origin  of  the  pathological  condition  of  the 
vitreous,  but  it  may  well  be  that  several  causes  exist  for  it. 

The  trmtment  of  detached  retina  has  hitherto  been  very  un- 
satisfactory. The  fact  that  in  some  cases  the  retina  does 
become  temporarily  or  permanently  reapplied  if  the  attachment 
he  recent,  suggests  the  advisability  of  keeping  the  patient  tor 
some  weeks  lying  on  his  back.  It  is  customary  to  combme  this 
with  pilocarpine  injections,  or  with  other  means  of  promoting 
absorption.  This  I  have  generally  done,  but  I  cannot  say  that  I 
have  seen  any  permanent  good  result  from  it.  Von  Graefe,  who 
believed  that  the  cases  in  which  he  found  a  rent  m  the  retina 
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were  more  favourable,  and  who  did  not  suspect  any  causal  con- 
nection between  it  and  the  detachment,  proposed  and  frequently 
carried  out  a  perforation  of  the  retina  from  within.  This  treat- 
ment was  followed  by  others,  until  it  was  shown  by  Hansen 
Grut  to  be  of  no  use.  Eemoval  of  the  subretinal  fluid  by 
puncture  through  the  sclera  has  also  often  been  tried,  but  with- 
out any  marked  success.  An  attempt  was  made  some  years  ago 
by  Wolff  to  revive  this  method  of  treatment,  by  which  he 
claimed  to  have  obtained  remarkably  good  results.  Unfortu- 
nately, however,  others  both  before  and  since  have  not  been  able 
to  confirm  this.  A  constant  drainage  of  the  subretinal  space  by 
means  of  a  piece  of  gold  wire  left  sticking  through  the  sclera 
was  for  some  time  tried  by  "Wecker,  also  unsuccessfully.  What 
is  apparently  wanted  in  the  light  of  the  present  knowledge  of 
the  pathology  of  the  disease  is  something  which  will  prevent  or 
counteract  the  shrinking  process  going  on  in  the  vitreous,  and  at 
the  same  time  create  a  sufficient  amount  of  adhesive  inflammation 
between  the  choroid  and  the  retina  which  has  separated  from  it. 
Scholer  claims  to  have  obtained  good  results  by  injecting  a  drop 
or  two  of  tincture  of  iodine  into  the  vitreous.  Those  who  have 
followed  him  in  this  treatment  have  not  been  able  to  conflrm 
his  statements  with  regard  to  it.  So  far  as  the  method  has  as 
yet  been  developed  it  appears  to  be  not  only  uncertain,  but 
even  dangerous.  It  may  cause  much  more  severe  inflamma- 
tion than  is  desired,  and  lead  to  destruction  of  the  eye.  One 
case  has  been  recorded  by  Gelpke  where  it  led  to  death  from 
meningitis. 

Detachment  of  the  retina  is,  nevertheless,  one  of  the  few 
diseases  of  the  fundus  which  we  may  not  unreasonably  hope 
some  day  to  be  able  to  check  in  some  measure  by  active  treat- 
ment. The  more  satisfactory  knowledge  which  we  now  have  of 
its  pathology  may  possibly  lead  to  some  treatment  which  will 
prevent  many  cases  from  going  on  to  complete  loss  of  sight.  It 
is  evidently  very  desirable  to  discover  some  means  of  diagnosing 
at  an  early  stage  the  detachment  and  shrinking  of  the  vitreous 
which  so  often  precedes  it. 

Opaque  Nekve  Fibees  in  the  Eetina. — As  they  pass 
through  the  lamina  cribrosa  of  the  optic  nerve  the  fibres 
become  divested  of  their  myeline  sheath.  This  accounts  both 
for  the  comparatively  small  diameter  of  the  papilla,  and  for  the 
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transparency  of  the  fibres  as  they  stretch  over  and  form  part  of 
the  retina. 

In  some  cases,  and  in  all  probability  as  a  congenital  anomaly, 
because  the  myeline  sheath  is  developed  around  the  fibres  of 
the  optic  nerve  before  birth,  some  of  the  fibres  in  the  retina  are 
rendered  intransparent  by  being  provided  with  a  myeline  cover- 
ing. The  appearance  which  this  abnormality  presents  is  very 
chlracteristic.  It  is  seen  as  a  brilliantly  white  patch,  mostly 
extending  from  the  upper  or  lower  edge  of  the  disc,  sometimes 
from  both  at  the  same  time.     This  patch  almost  invariably 


Fig.  65.— Opaque  nerve  fibres  in  the  retina. 

comes  up  to  the  margin  of  the  disc,  so  as  to  appear  quite  con- 
tinuous with  it,  while  at  its  peripheral  end  it  is  less  strongly 
defined,  presenting  a  striated  appearance  owing  to  the  sheatlis 
of  the  fibres  ending  at  different  distances  from  their  origm. 
The  patch  is  rarely  as  big  as  the  disc  itself ;  when  bigger,  it 
curves  round  over  the  macula.  Occasionally  a  detached  portion, 
at  some  distance  from  the  papilla,  has  been  seen,  in  which  case  the 
nerves  after  having  lost  their  sheaths  have  again  regained  them. 
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The  vessels  are  almost  always  here  and  there  hidden  by  the  opaque 
fibres.  Whether  this  is  or  is  not  the  case  depends  partly  on  the 
depth  and  partly  on  the  degree  of  opacity  of  the  sheathed  fibres. 

Schmidt-Eimpler  has  shown  in  two  cases  that  the  sheath,  though 
lost  in  the  lamina  cribrosa,  is  i-egained  as  soon  as  the  nerves  pass  out 
into  the  retina.  This  is  probably  not  always  the  case,  as  I  have  seen 
on  several  occasions  densely  white  patches  in  the  disc  itself,  which 
there  could  be  little  doubt  were  due  to  retention  of  myeline.  In  some 
cases,  too,  such  irregularly  shaped  Avhite  patches  exist  in  the  papilla 
along  with  characteristic  patches  in  the  retina. 

There  is  a  little  difficulty  in  diagnosing  patches  due  to  opaque 
nerve  fibres  (see  Tig.  65)  from  inflammatory  exudations  in  the 
retina.  The  latter  are  usually  of  a  less  dense  white,  they  do  not 
present  the  same  striated  appearance  at  their  peripheral  ends,  do 
not  come  into  such  immediate  contact  with  the  margins  of  the 
disc,  and  are  besides  associated  with  hypersemia,  and  often  haemor- 
rhages, at  other  parts.  I  have  seen  the  two  conditions  present  at 
the  same  time  without  rendering  the  diagnosis  difficult. 

Opaque  nerve  fibres  may  occur  in  one  or  both  eyes, — more 
frequently,  I  think,  only  in  one.  They  do  not  give  rise  to  any 
defect  of  vision,  further  than  as  a  rule  some  corresponding 
degree  of  extension  in  the  size  of  the  blind  spot.  They  are  met 
with  as  the  normal  condition  in  some  of  the  lower  animals.  In 
man  they  are  uncommon,  though  by  no  means  very  rare. 

Eetinal  Changes  produced  by  steong  Light. — Very  per- 
sistent after-images  may  be  produced  by  looking  at  the  sun  or  a 
strong  electric  light.  If  the  exposure  has  not  been  too  prolonged, 
the  defect  of  sight  thus  caused  may  be  recovered  from.  A  pro- 
longed exposure  gives  rise  to  a  coagulation,  or  to  some  other 
unknown  molecular  change  at  the  macula,  with  the  appearance 
of  a  small  irregular  patch  in  that  region,  and  the  production  of 
a  persistent  central  scotoma.  Less  strong  sources  of  light  also 
give  rise  to  macular  changes.  I  have  seen  such  apparently 
produced  by  constant  use  of  the  microscope.  The  changes 
in  these  cases  appear  to  be  more  of  the  nature  of  small 
haemorrhages  at  the  macula.  Sometimes  they  are  apparently, 
in  the  less  severe  cases,  mere  temporary  alterations  in  the 
arrangement  of  the  pigment  at  the  fovea.  They  may  give  rise 
to  considerable  central  amblyopia  with  metamorphopsia,  but 
the  vision  is  usually  slowly  regained. 
15 
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Diseases  of  the  Optic  Nerve. 
Optic  Neuritis.— Inflammation  of  the  optic  nerve  occurs 
either  alone,  when  it  is  often  called  paj^illitis,  or  along  with 
more  or  less  inflammation  of  the  surrounding  retma,  giving  rise 
to  an  appearance  which  goes  by  the  name  of  nmro-rdimhs. 

A  true  papillitis  is  most  frequently  connected  with  some 
pathological  change  within  the  cranium  ;  but  such  changes  often 
lead  to  neuro-retinitis  as  well.    It  is  characterised  by  more  or 
less  intense  passive  hyperemia  and  swelling.    The  veins  are 
engorged  sometimes  to  an  excessive  degree,  while  the  arteries, 
on"  the  other  hand,  are  normal  in  caUbre  or  narrowed.  The 
colour  of  the  whole  papilla  is  heightened,  and  the  sweUmg 
causes  it  to  become  prominent,  so  that  its  surface  is  on  a 
different  level  from  that  of  the  retina,  while  its  margins,  mstead 
of  being  sharply  defined,  are  more  or  less  obHterated.  The 
swollen  nerve  tissue  also  gives  rise  here  and  there  to  the 
disappearance  of  the  vessels  in  the  papilla,  and  these  may  be 
seen  to  dip  abruptly  at  its  margins  as  they  continue  their  course 
in  the  retma.    This  obliteration  of  the  margin  of  the  disc  is 
usually  first  noticed  at  its  upper  and  lower  edge,  sometunes  only 
to  the  nasal  side.    Often  a  very  distinct  striation  can  be  made 
out  on  the  swollen  papilla  as  the  bundles  of  swollen  fibres  are 
brought  more  prominently  into  view.    There  is  at  the  same 
time  more  or  less  marked  loss  of  transparency  of  the  nerve 
tissue,  and  an  increase,  often  considerable,  in  the  apparent  size 
of  the  disc.    The  degree  of  prominence  of  the  swollen  papilla 
can  be  appreciated  by  observing  the  difference  in  the  strength 
of  the  glass,  which  is  necessary  to  focus  accurately  the  surface 
of  the  disc  and  the  surrounding  retina,  and  allowing  roughly  one 
millimetre  for  every  three  dioptres.    The  extent  of  parallactic 
movement,  when  on  direct  ophthalmoscopic  examination  the 
observer's  head  is  moved  from  side  to  side,  or  when  on  indirect 
exammation  a  movement  is  given  to  the  convex  lens  in  a  plane 
parallel  to  the  face,  gives  a  very  good  idea  of  the  intensity 
of  the  swelling.    The  amount  of  swelling  met  with  is  very 
variable,  and  the  time  taken  for  the  development  of  these 
changes  very  different. 

A  considerable  degree  of  papillitis  may  exist  without  inter- 
fering to  any  appreciable  extent  with  the  functions  of  the  eye. 
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The  central  and  peripheral  vision  for  both  form  and  colour 
may  be  perfect.  Sometimes  the  absence  of  any  subjective 
symptoms  lasts  for  months,  but  as  a  rule  it  is  not  long  before 
the  visual  acuity  becomes  more  or  less  reduced,  and  the  sight 
may  indeed  be  altogether  lost.  When  such  loss  of  vision 
occurs  pretty  suddenly,  it  should  always  arouse  the  suspicion 
of  there  being  some  other  cause  for  it  besides  the  swelling  in 
the  papilla.    The  gradual  loss  of  vision  is  no  doubt  due  to 


J.  T.  M, 

Fig.  66. — Early  stage  of  optic  neuritis. 

compression  of  the  nerve  fibres  in  the  papilla,  by  the  gradual 
changes  which  the  inflammatory  exudation  undergoes.  An 
absence  of  visual  disturbance  at  first  affords  no  guarantee  that 
such  will  not  afterwards  come  on.  When  the  central  vision  is 
affected,  there  is  almost  always  at  the  same  time  to  be  found 
a  more  or  less  concentric  limitation  of  the  field  of  vision  with 
greater  or  less  loss  of  colour  vision.    Sometimes  the  restriction 
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of  the  field  is  more  irregular,  affecting  often  the  nasal  half  of 
the  field  more  markedly  than  the  temporal.  The  blind  spot 
may  sometimes  be  found  to  be  increased  in  size,  especially  if 
the  test  object  be  small  and  not  very  bright.  The  light  sense 
is  affected  mainly  in  the  way  of  appreciation  of  differences  of 
illumination ;  there  is  no  night  blindness. 

Encephalopathic  papillitis,  or  papillitis  symptomatic  of 
disease  in  the  brain,  is  practically  always  bilateral,  although  a 
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Fig.  67.— Later  stage  of  optic  neuritis. 


few  cases  have  been  met  with  where  it  has  occurred  only  on 
one  side.  Hughlings  Jackson  has  recorded  two  such  cases  of 
unilateral  optic  neuritis,  in  each  of  which  a  tumour  was  found 
in  the  opposite  cerebral  hemisphere,  and  in  which  there  was 
hemiplegia  of  the  same  side  as  the  neuritis. 

The  anatomical  changes  met  with  consist  in  the  increase  of 
the  nuclei,  and  other  evidences  of  inflammation,  and  generally-- 
in  dropsy  of  the  sheath. 
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The  condition  of  swelling  of  the  papilla  in  which  an 
accumulation  of  fluid  in  the  sheath  is  supposed  to  be  present,  is 
often  called  cliolcccl  disc.  It  was  at  one  time  considered  that  an 
appreciable  ophthalmoscopic  difference  existed  between  this 
condition  and  swelling  due  to  descending  neuritis,  but  it  is 
now  generally  admitted  that  this  distinction  cannot  be  made 
clinically,  and  indeed  there  appears  to  be  very  little  reason  for 
even  an  anatoinical  classification  of  this  nature.  There  are  of 
course  great  differences  in  the  degree  of  inflammation  in  different 
cases,  but  these  differences  are  not  due  to  essential  differences 
in  the  etiology. 

ISTot  all  pathological  processes  in  the  brain  give  rise  to  optic 
neuritis.  It  occurs  most  frequently  with  tumours ;  indeed,  so 
frequent  is  this  association,  that  its  recognition  must  be  looked 
upon  as  a  factor  of  primary  importance  in  the  diagnosis  of 
cerebral  tumour.  Next  in  point  of  frequency  comes  neuritis 
along  with  meningitis.  Some  cases  of  hydrocephalus  are  asso- 
ciated with  optic  neuritis.  More  frequently  a  simple  atrophy 
of  the  nerves  is  found  in  this  connection.  It  has  been  seen,  too, 
in  connection  with  purulent  inflammation  of  the  middle  ear, 
when  the  inflammation  has  spread  to  the  brain.  I  am  inclined 
to  think  that  this  must  be  a  very  rare  connection,  as  I  have 
examined  the  eyes  in  a  number  of  such  cases  without  finding  it. 
Papillitis  is  rare  altogether  in  cases  of  abscess  of  the  brain.  It 
is  not  met  with  in  cerebral  apoplexies,  or  in  softening  due  to 
thrombosis.  Again,  in  other  forms  of  cerebral  disease  with 
which  it  may  in  any  particular  case  be  associated,  the  question 
often  arises,  whether  it  is  not  more  intimately  connected  with 
the  primary  disease  of  the  blood  or  blood-vessels  than  with 
the  manifestations  of  that  disorder  in  the  brain.  I  have,  for 
instance,  seen  a  case  which  was  under  the  care  of  Dr.  Affleck 
at  the  Edinburgh  Eoyal  Infirmary,  in  which  there  was  pro- 
nounced optic  neuritis,  and  in  which,  although  death  took  place 
under  the  most  marked  "  cerebral  symptoms,"  the  post-mortem 
examination  revealed  the  entire  absence  of  any  brain  disease. 

A  ,<,'ood  deal  of  speculation,  based  on  clinical  as  well  as  experi- 
mental facts,  has  for  long  been  indulged  in  to  account  for  the  connection 
between  optic  neuritis  and  brain  disease.  The  very  frequent  associa- 
tion with  Ijrain  tumours,  as  well  as  the  fact  that  neither  the  position 
nor  the  nature  of  the  tumour  in  the  brain  seemed  of  special  influence, 
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not  unnaturally  led  to  the  belief  that  the  neuritis  was  intimately  con- 
nected with  the  increased  tension  within  the  cranium  which  the 
growth  caused,  or  might  be  supposed  to  cause.  Von  Graefe  believed 
that  this  increased  intracranial  pressure  caused  compression  of  the 
cavernous  sinus,  and  a  consequent  venous  engorgement  m  the  retma. 
This  view,  was,  however,  found  to  be  untenable  when  the  relation 
between  the  circulation  within  the  eye  and  the  brain  was  better  under- 
stood, and  it  was  found  that  there  was  such  a  complete  anastomosis 
between  the  retinal  and  other  veins. 

Another  hypothesis,  generally  known  as  that  of  Schmidt-Einipler 
and  Manz,  then  received  support.    According  to  this  hypothesis, 
the  cerebro-spinal  fluid  was  driven  along  the  sheath  of  the  optic 
nerve,  and  caused  compression  or  choking   of   the   papilla,  thus 
leadino-  to  more  or  less  redema  and  inflammation.    This  explanation 
followed   shortly,  and   almost  as   a  natural  consequence,  on  the 
discovery  made  by  Schwalbe  of  a  direct  communication  between 
the  arachnoid  space  and  that  existing  between  the  optic  nerve  and 
its  sheath.     The  distension  of  the  distal  end  of  the  sheath  has 
also  been  ascribed  by  Hughlings  Jackson  and  Benedict  to  vasomotor 
changes,  produced  by  irritation  within  the  bram.    It  is  diftcult  to 
..ee  how  such  an  irritation  is  to  be  ascribed  to  the  action  of  a  tumour 
which  may  be  situated  in  any  part  of  the  brain.     It  is  thus  explained 
bv  Hughlings  Jackson      "  I  think  that  optic  neuritis  may  be  a  doubly 
indirect  result  of  local  gross  organic  disease  ;  that,  first,  there  are  changes 
of  instabUity  about  the  tumour ;  that,  next,  these  lead  on  discharges 
by  intermediation  of  vasomotor  nerves  to  repeated  contractions  witn 
subsequent  paralysis  of  vessels  of  the  optic  nerves  or  centres,^and  thus 
at  length  to  that  trouble  of  nutrition  which  is  optic  neuritis. 

The  distension  of  the  sheath  as  an  almost  constant  occurrence  is 
an  anatomical  fact.    Only  a  few  cases  have  been  recorded  where  it 
has  not  been  found.    That  the  distension  is  caused  by  fluid  from  tlie 
Ivmph  spaces  in  the  brain  is  at  least  extremely  probable,    iiie  onij 
weak  point,  then,  in  the  choked  disc  hypothesis  is  the  supposition 
that  the  pressure  of  fluid  accumulated  round  the  neck  of  the  papilla 
should  be  capable  of  giving  rise  to  the  symptoms  observed  on  opfithal- 
moscopic  examination,  or  indeed  to  any  true  inflammation  at  ail.  nie 
belief  that  the  real  or  supposed  pressure  does  not  do  so— a  view  in 
support  of  which  Deutschmann  has  recently  brought  forward  very 
strong  experimental  evidence— has  led  many  to  ascribe  the  mtlam- 
matory  changes  in  the  papilla  to  a  descending  neuritis,    ihus  L-rmAeis 
says—"  In  a  large  number  of  cases  of  neuritis  there  is  distinct  evidence 
of  a  descending  inflammation,  either  along  the  front  of  the  optic  nerve 
or  along  its  sheath,  and  in  cases  \of  meningitis  such  descending  in- 
flammation is  invariable.     The  distension  of  the  optic  sheath  witn 
serum  has  been  regarded  as  the  chief  mechanism,  but  it  is  not  essen- 
tial for  the  production  of  neuritis ;  it  may  be  absent,  and  its  occur- 
rence is  related  especially  to  the  presence  of  an  excess  of  subaraclinoia 

fluid."  .  .  , 

It  is  not  impossible  that  such  a  descending  neuritis  may  nave 
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mucli  to  do  with  the  production  of  the  intraocular  appearances  in  cases 
of  meningitis.  But  not  only  is  neuritis  not  nearly  so  frequent  along 
with  meningitis  as  Avitli  tumours,  but  in  the  latter  connection  the 
clinical  appearances  are  greatly  in  favour  of  the  papilla  being  more 
intensely  inflamed  than  the  trunk  of  the  nerve.  Some  other  explanation 
has  therefore  to  be  looked  for.  That  given  by  Leber  seems  to  accord 
more  completely  with  all  the  clinical  facts.  Experiments  made  by 
Deutschmann  under  Leber's  supervision,  and  more  recently  indepencl- 
ent  experiments  by  Scimemi,  have  led  to  results  which  greatly  confirm 
Leber's  views.  Leber  believes  that  the  fluid  accumulated  at  the  distal 
end  of  the  nerve  sheath  enters  the  lymphatic  spaces  of  the  nerve,  and 
being  of  an  irritating  nature,  there  sets  up  mflammatory  changes.  In 
his  own  words,  "  Intracranial  tumours,  as  also  tuberculosis,  give  rise 
to  congestion  of  the  vessels,  secretory  inflammation,  hydrops  ventricu- 
lorum,  and  increased  pressm-e.  The  products  of  tissue  change  of  those 
neoplasms  becoming  mingled  with  the  inflammatory  transudations 
act  as  an  inflammatory  stimulus,  and,  passing  with  the  cerebro-spinal 
fluid  into  the  intravaginal  space  of  the  optic  nerve  as  far  as  the  eye, 
give  rise  there  to  neuritis  and  papillitis."  Wliilst,  therefore,  an  in- 
flammatory condition  of  the  trunk  may  exist  at  the  same  time,  owing 
to  the  same  irritation  by  the  transuded  fluid,  the  tendency  to  accum- 
ulate round  the  papilla  causes  the  more  severe  symptoms  to  be  de- 
veloped in  that  portion  of  the  nerve,  which  is,  to  a  great  extent,  visible 
with  the  ophthalmoscope.  There  is  certainly  nothing  more  extra- 
ordinary in  this  than  the  greater  tendency  towards  inflammation  of 
the  anterior  portion  of  the  uveal  tract  in  sympathetic  ophthalmitis, 
although,  according  to  the  views  now  held  as  to  its  pathology,  the 
substances  giving  rise  to  such  inflammation  must  come  in  contact 
with  other  parts  of  the  eye  before  reaching  the  ciliary  body  and  iris. 
Evidently  in  both  cases  a  certain  accumulation  of  the  irritating  material, 
whatever  its  nature,  must  take  place  before  marked  inflammatory 
changes  result.  It  has  still  to  be  shown  that  the  fluid  collecting  in 
the  nerve  sheath  is  of  a  distinctly  irritative  nature,  and  if  so,  to  what 
it  owes  its  quality.  The  other  symptoms  accompanying  the  presence 
of  tumours— headache,  vomiting,  &c.,  as  well  as  certain  anatomical 
cha,nges  which  have  been  met  with — imdoubtedly  point  to  the  irri- 
tative nature  of  the  exuded  fluid. 

There  is  one  difficulty  in  the  way  of  accepting  Leber's  hypothesis, 
viz.,  how  are  we  to  account  for  the  very  rare  but  undoubted  cases 
of  unilateral  optic  neuritis  from  cerebral  disease?  There  appear 
to  be  at  least  three  possibilities, — either  they  are  only  apparently 
connected  with  the  process  in  the  brain  while  actually  due  to 
some  other  co-existing  cause;  or,  supposing  such  connection  to  be 
direct,  they  have  a  different  and  less  common  etiology — descending 
neuritis,  for  instance ;  or  finally,  while  originating  in  the  way 
indicated  by  Leber,  some  structural  abnormality  on  the  other  side 
interferes  with  its  manifestation  there  as  well.  One  fact,  which 
it  may  be  of  importance  to  remember,  though  possibly  only  a  coin- 
cidence, IS  that  the  neuritis  has  been  usually  on  the  opposite  side 
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from  that  occupied  hy  the  tumour  in  the  brain.  The  tumour  might 
therefore  well  be  supposed  to  exert  sufficient  pressure  on  the  nerve  on 
one  side  to  prevent  the  fluid  distension  of  its  sheath.  Such  an  ex- 
planation would  be  likely  if  the  eye  which  was  free  from  neuritis  had 
nevertheless  very  defective  sight. 

There  appears  to  be  no  invariable  connection  between  the 
acuteness  of  the  cerebral  and  ocular  symptoms.  According_  to 
Gowers  if  the  cerebral  disease  be  acute,  the  accompanjang 
neuritis'  is  always  acute.  A  chronic  neuritis  probably,  there- 
fore, signifies  chronicity  of  the  affection  in  the  bram,  while,  on 
the  other  hand,  an  acute  neuritis  may  be  set  up  by  disease  of 
chronic  as  well  as  acute  disease. 

After  existing  for  a  longer  or  shorter  time,  the  neuritic  pro- 
cess as  a  rule  passes  on  to  atrophy  of  the  nerve,  with  more  or 
less  complete  destruction  of  sight.  Most  frequently  the  bhnd- 
ness  thus  produced  is  eventually  complete,  and  this  may  occur 
lono-  before  the  brain  disease  leads  to  the  death  of  the  patient. 
At  other  times,  after  having  progressed  to  a  certain  extent,  the 
process  remains  stationary,  and  some  degree  of  sight  is  left. 
This  I  believe,  is  more  often  the  case  in  children  than  m  adults 
and  'probably  mostly  when  the  neuritis  is  originaUy  connected 
with  meningitis,  in  which  cases  it  is  generally  less  severe  than 
when  set  up  by  tumour. 

Some  cases  of  neuritis  get  well  without  undergoing  any,  or 
only  very  slight  traces  of,  atrophy.  Mostly  such  cases  have 
retained  good  vision  throughout  the  period  of  inflammation,  and 
only  in  such  have  I  seen  this  practically  complete  recovery ;  but 
it  appears  undoubted  that  the  vision,  though  defective  at  the 
time  of  the  neuritis,  may  be  restored  without  bemg  permanently 
damaged  by  any  subsequent  atrophic  process. 

Tumours  in  the  orbit,  and  inflammatory  processes,  which 
have  either  begun  in  the  orbit  or  spread  into  it  from  surround- 
ing parts,  may  give  rise  along  with  proptosis  to  optic  neuritis. 
As  a  rule,  the  swelling  in  the  nerve  is  not  so  intense  as  m  cases 
connected  with  tumours  in  the  brain,  and  often  a  considerable 
acuity  of  vision  may  be  retained,  notwithstanding  a  high  degree 
of  protrusion.  Deformities  of  the  skull,  owing  probably  to 
pressure  on  the  nerve  at  the  optic  foramen,  may  be  the  cause 
of  neuritis.  Since  this  connection  was  first  pointed  out  by  von 
Graefe,  a  good  many  cases  have  been  recorded.    Nettleship  and 
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a  few  others  have  also  observed  post-papillitic  atrophy  in  cases 
of  congenital  hyperostosis. 

A  number  of  cases  of  neuritis  are  altogether  unconnected 
with  disease  either  in  the  cranium  or  orbit.  The  etiology  in 
such  cases  is  often  not  very  easily  made  out.  They  may 
occur  after  severe  illnesses  without  there  being  any  definite 
connection  between  the  particular  disease  and  the  neuritis. 
Other  nerves  may  be  affected  at  the  same  time ;  it  is  found, 
for  instance,  as  one  of  the  symptoms  of  more  generalised 
neuritis.  Syphilis,  exposure  to  cold  when  there  is  more  or  less 
of  a  rheumatic  disposition,  and  menstrual  disturbances  (particu- 
larly amenorrhoea  and  sudden  suppression)  all  appear  to  be  of 
undoubted  causal  influence.  In  all  such  cases,  and  especially  in 
the  more  acute  forms,  the  prognosis  is  on  the  whole  much  better 
than  where  the  neuritis  is  merely  a  secondary  manifestation. 
Even  in  cases  where  almost  total  blindness  has  been  produced 
by  the  inflammation,  a  complete,  or  nearly  complete,  recovery 
may  take  place.  Often  a  high  degree  of  amblyopia,  with  or 
without  restriction  of  the  field  of  vision,  is  left. 

An  interesting  and  peculiar  clinical  type  of  optic  neuritis  is 
one  which  comes  on  generally  shortly  after  puberty,  almost 
•exclusively  in  young  men,  and  without  there  being  any  apparent 
immediate  cause,  other  than  a  more  or  less  markedly  neurotic 
temperament.  In  such  cases  there  is  usually  distinct  evidence 
■of  heredity,  several  members  of  a  .family  being  affected.  It 
always  occurs  in  both  eyes,  causing  generally  pretty  suddenly 
considerable  blindness,  first  of  the  one  eye  and  then  of  the  other. 
The  central  vision  is  sometimes  so  much  destroyed  as  to  give 
rise  to  an  almost  absolute  central  scotoma  from  which  the 
patient  does  not  as  a  rule  recover.  The  objective  symptoms  are 
much  like  other  cases  of  neuritis, — they  are  rarely  very  pro- 
nounced, but  there  is  usually  well-marked  perivasculitis. 

The  pathology  of  these  cases  is  probably  very  closely  allied 
to  a  not  by  any  means  uncommon,  yet  not  very  sharply  defined, 
group  of  cases,  which  are  generally  looked  upon  as  of  the  nature 
■of  retrobulhar  neuritis.  The  characteristics  of  this  group  are, — 
very  slight  changes  in  the  papilla,  and  the  presence  of  a  more  or 
less  definite  central  scotoma.  The  changes  in  the  papilla  may 
be  so  slight  as  altogether  to  escape  detection,  or  they  may 
■amount  to  merely  some  slight  haziness  of  its  margins,  and 
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perhaps  a  trace  of  perivascular  inHanimation.  After  some 
time  the  outer  half  of  the  disc  may  exhibit  an  abnormal 
deo-ree  of  pallor,  whilst  at  the  same  time  the  contrast  between 
it  and  the  nasal  half  may  be  increased  by  some  degi-ee  of  injec- 
tion of  the  latter.  At  other  times  a  more  general  pallor  of  the 
disc  result's 

The  central  scotoma  has  often  very  much  the  same  form 
as   that  which  characterises  toxic  amblyopia,  ^  but  it  may 
diiTer  from  it  in  an  important  manner  both  in  shape  and 
extent.    Just  as  in  these  cases,  it  is  usually  negative —that  is 
to  say,  it  does  not  give  rise  to  the  sensation  of  any  dark  spot. 
Often  'a  faint  cloudiness  is  complained  of  in  a  bright  light,  and 
on  account  of  this  patients  frequently  state  that  they  see  better 
in  a  subdued  light.    On  examination,  however,  this  does  not 
prove  to  be  the  case.    At  other  times  a  more  or  less  dark, 
generally  buff-coloured,  mist  is  complained  of.     The  colour 
defect,  too,  in  the  region  of  the  scotoma  is  much  the  same  as  m 
the  toxic  amblyopia.    The  scotoma  does  not  present,  however, 
the  same  regularity  of  shape,  and  is  not  confined  to  the  area 
stretching  from  the  disc  to  the  macula  to  that  area  which  is 
supplied  by  the  so-called  papillo-macular  fibres,  changes  in 
which  have  been  recently  demonstrated  by  Nettleship,  Uhthoff, 
and  others  to  exist  in  certain  cases  of  toxic  amblyopia. 

A  point  of  considerable  importance  is  the  frequent  extension 
of  the  affected  area  considerably  to  the  inner  side  of  the  point  ot 
fixation,  a  condition  which  is  not  met  with  in  typical  cases  ot 
toxic  amblyopia.  At  the  same  time  in  many  cases  there  is  some 
concentric  limitation  of  the  field  of  vision.  Both  eyes  may  be 
affected,  but  much  more  frequently  only  one.  Where  the 
disease  is  bilateral  it  rarely  gives  rise  to  the  same  degree  ot 
amblyopia  in  the  two  eyes.  It  is  about  equally  common  in 
men  and  women. 

The  disease  with  which  it  is  most  likely  to  be  confounded, 
and  with  which  pretty  recently  it  has  been  confounded,  is  the 
much  more  common  toxic  amblyopia.  This  mistake  is  not 
likely  to  be  made  except  in  bilateral  cases.  Even  in  one-sided 
cases  the  loss  of  sight  of  the  other  eye  from  some  different  cause, 
as  I  have  indeed  several  times  seen,  may  lead  to  this  difficulty. 
The  points  to  be  attended  to  in  the  diflerential  diagnosis  are 
mainly,— the  irregular  shape  of  the  scotoma,  more  particularly  its 
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extension  when  large  to  the  nasal  side  of  the  point  of  fixation, 
and  the  restriction  of  the  field  of  vision.  In  some  cases  there  is 
more  or  less  pain  complained  of  on  moving  the  eye,  or  produced 
by  pressing  the  eye  back  into  the  orbit.  Generally,  too,  the 
pain  is  most  marked  when  the  eye  is  moved  in  some  particular 
direction. 

The  -prognosis  is  much  less  favourable  than  in  toxic 
amblyopia:  Some  cases  go  on  to  complete  blindness,  others 
are  left  with  an  absolute  central  scotoma  and  the  ophthal- 
moscopic aj^pearances  of  optic  atrophy.  A  certain  proportion 
— not  quite  half  probably,  and  these  the  more  acute  and  less 
severe  cases — recover  in  a  few  weeks  from  the  onset  of  the 
disease. 

There  can  be  no  doubt  that  the  symptoms  are  produced  by 
a  superficial  inflammation  of  the  nerve  in  the  orbit,  an  inflam- 
mation which  for  some  reason  or  other  has  a  greater  tendency 
to  affect,  and  probably  also  to  extend  deeper  into,  its  temporal 
portion.  Very  probably,  as  Nettleship  has  suggested,  the  differ- 
ences met  with  in  different  cases  are  to  some  extent  due  to  the 
distance  of  the  focus  of  inflammation  behind  the  eye.  This 
supposition  would  not  only  account  for  the  diff'erences  in  oph- 
thalmoscopic appearances,  but  also,  as  the  arrangement  of  the 
fibres  supplying  the  same  parts  of  the  retina  differs  at  different 
distances  along  the  course  of  the  trunk,  for  differences  in  the 
symptoms  as  well. 

In  the  treatment  of  optic  neuritis  the  cause  has  in  the  first 
place  to  be  taken  into  consideration.  Some  cases  depending  on 
intracranial  tumour  have  been  relieved  by  the  removal  of  the 
tumour.  Much  progress  has  been  made  recently  in  this  depart- 
ment of  surgery.  As  far  as  any  possible  effect  of  such  treatment 
on  the  vision  goes,  it  would  have  of  course  to  be  undertaken 
before  the  inflammatory  changes  in  the  nerve  had  proceeded  too 
far.  Eemoval  of  the  fluid  from  the  sheath  of  the  optic  nerve 
was  recommended  by  Wecker  as  far  back  as  1872,  but  has  not 
received  much  attention.  It  has  lately  been  taken  up  by  Carter, 
and  from  the  results  obtained  by  him  it  seems  possible,  taking 
into  account  the  probable  pathology  of  the  neuritis,  that  an 
operation  for  this  purpose  may  prove  to  be  of  some  value  in  pre- 
venting complete  blindness.  Some  physicians,  whose  authority 
in  the  matter  must  be  acknowledged,  are  very  strongly  in  favour 
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of  treating  all  cases  of  optic  neuritis  in  the  first  or  preamaurotic 
stage  with  iodide  of  potassium. 


Atrophy  of  the  Optic  Nerve. 


Atrophy  of  the  optic  nerve  may  be  primary,  that  is  to  say, 
it  may  originate  in  the  nerve  itself,  or  it  may  be  secondarij  to 
changes  which  have  occurred  either  in  the  retina  or  in  the 
central  nervous  system.  The  atrophy  may,  as  we  have  seen, 
follow  inflammation ;  it  is  then  iisually  termed  post-neuritic  or 
post-papilHtic  atrophy,  or  it  may  be  simply  due  to  degenerative 
processes  of  different  natures. 

The  ophthalmoscopic  appearances  are— pallor  of  the  disc, 
often  accompanied  by  some  degree  of  excavation,  and  by  nar- 
rowing of  the  calibre  of  the  vessels.  The  scleral  ring  is 
generaUy  more  than  usually  well  marked,  owing  no  doubt  to 
some  degree  of  shrivelling  or  contraction,  which  only  rarely 
o-ives  rise  to  any  distinct  diminution  in  the  size  of  the  disc. 
The  loss  of  colour  in  the  disc,  which  first  becomes  marked  as  a 
rule  to  its  outer  side,  is  due  partly  to  diminution  of  vascularity, 
and  partly  to  disappearance  of  the  nerve  tissue,  leaving  only 
the  white  connective  tissue,  often  increased  in  amount,  behind. 
When  this  is  the  case,  there  is  produced  a  shallow  excavation 
known  as  an  atrophic  excavation. 

From  the  mere  colour  of  the  disc,  without  taking  into 
consideration  the  size  of  the  vessels  and  the  existence  of  an 
excavation  of  this  nature,  it  would  be  rash  to  conclude  that 
there  was  atrophy,  unless  perhaps  the  light  reflected  from 
its  surface  had  not  only  lost  all  tinge  of  yellow  or  pmk,  but 
also  become  bluish  or  green  in  hue.    Considerable  variations 
take  place  with  respect  to  colour  within  physiological  limits ; 
a  very  antemic  condition  of  the  disc  may,  too,  although  it  may 
hardly  be  normal,  exist  without  any,  or  any  great,  functional 
disturbance,  and  yet  not  be  of  the  nature  of  atrophy.  Great 
pallor,  with  loss  of  transparency  of  the  disc,  due  to  con- 
solidation of  some  exuded  matter,  is  found  in  cases  in  which 
a  neuritis  has  been  completely  recovered  from,  and  not  fol- 
lowed by  atrophy.    A  similar  white  intransparent  appearance 
is  given  by  the  presence  of  inyeliue  in  the  nerve  fibres  of  the 
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papilla,  a  condition  occasionally  met  with  in  the  healthy  human 
eye,  and  one  which  is  the  rule  in  some  animals. 

Even  when  the  ophthalmoscopic  appearances,  pallor,  excava- 
tion, and  narrowing  of  the  vessels  leave  no  doubt  as  to  the 
existence  of  an  atrophic  process,  it  is  impossible  to  say,  with 
any  degree  of  certainty,  from  a  consideration  of  the  picture  thus 
presented  to  one,  whether  the  process  is  a  progressive  one  or 
not.  When  the  atrophy  is  evidently  post-neuritic,  the  chances 
of  its  becoming  arrested  at  some  stage  short  of  complete  blind- 
ness are  generally  greater  than  when  it  is  the  result  of  a  more 
distinctively  degenerative  change.  Post-neuritic  atrophy  is 
characterised  by  more  or  less  indistinctness  and  want  of  defini- 
tion of  the  margins  of  the  disc,  and  in  many  cases  by  white 
patches  on  its  surface.  These  patches  stretch  between,  and 
sometimes  cover,  the  bifurcations  of  the  vessels,  and  extend 
along  the  main  trunks  as  white  hues.  This  condition  of  peri- 
vasculitis is  often  not  confined  to  the  disc  alone,  but  extends 
for  a  greater  or  less  distance  along  the  vessels  into  the  retina. 

A  good  deal  more  light  is  often  thrown  on  the  question  as  to 
whether  in  any  given  case  the  atrophy  is  likely  to  be  progressive 
or  not — that  is  to  say,  is  likely  to  progress  to  such  an  extent 
as  eventually  to  destroy  vision — by  a  careful  examination  of 
the  subjective  symptoms  caused  by  the  degeneration.  These 
symptoms  are — defects  in  the  central  vision,  restrictions  of  the 
field  of  vision,  and  defects  in  the  colour  and  light  sense. 

In  all  cases  where  the  atrophic  process  in  the  nerve  is 
primary,  or  due  to  some  interruption  at  any  part  of  its  course 
from  the  papilla  to  its  termination  in  the  brain,  and  not 
secondary  to  alterations  in  the  choroid  and  retina,  there  is  no 
interference  with  the  light  sense  in  the  way  of  appreciating 
small  degrees  of  ilhimination, — that  is  to  say,  there  is  not  true 
night  blindness.  On  the  other  hand,  the  power  of  distinguishing 
between  intensities  of  illumination  is  less  acute  than  normal, 
often  indeed  very  markedly  so.  Such  a  defect  of  the  light-sense 
is  characteristic  of  any  affection  originating  in,  or  mainly  impli- 
cating, the  nerve  tissue  itself. 

The  most  common  form  of  restriction  of  the  field  in  atrophy 
is  the  concentric.  Often,  however,  the  defect  in  one  direction 
may  be  much  greater  than  in  others,  and  when  this  is  the  case 
it  not  infrequently  happens  that  a  good  deal  of  symmetry  in 
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this  respect  is  to  be  found  in  both  eyes,  even  although  the 
atrophy  may  be  much  more  advanced  in  the  one  than  in  the 
other. 

In  all  cases  of  progressive  atrophy,  the  restriction  which 
is  takmg  place  can  probably  be  most  easily  demonstrated  for 
colours. "  This  is  mainly  because,  if  the  examination  be  made 
in  ordinary  dayhght,  the  corresponding  failure  of  the  sense  of 
form  may,  if  slight,  more  readily  escape  detection.  If  the  test 
be  made  by  Bjerrum's  method  with  very  small  objects  (see 
Chap.  I.)  the  restriction  for  form  can  always  be  demonstrated. 
There  seems  every  reason  to  suppose  that  the  colour  defect  in 
progressive  atrophy  is  accounted  for  by  the  mechanism  for  the 
conveyance  along  the  nerve  of  physical  stimuh  destined  to  give 
rise  to  sensations  of  colour,  being  one  necessitating  a  higher 
order  of  differentiation  than  is  the  case  with  the  sense  of  form. 

Bestridion  of  the  field  of  vision,  ivhoi  more  or' less  concentric, 
and  especially  when  the  colour  defect  is  pronounced,  is  alwaijs  very 
sitgrjestive  of  progression. 

Usually  the  defect  of  central  vision  keeps  pace  with  the 
gradual  narrowing  of  the  field,  so  that  when  there  is  much 
restriction  there  is  generally  at  the  same  time  considerable 
amblyopia.  In  some  cases  the  central  vision  remains  relatively 
very  good,  but  it  is  seldom  that  this  can  be  looked  upon  as  a 
good  sign,— in  fact,  the  prognosis  mainly  depends  on  the  state  of 
the  peripheral  vision.  In  the  same  way,  if  during  the  progress 
of  a  case  it  is  found  that  the  vision  gets  no  worse  for  some  time 
this  must  not  be  taken  as  a  good  sign,  unless  ab  the  same  time 
the  state  of  the  field  remains  stationary  as  well.  Some  cases, 
particularly  when  the  atrophy  results  from  neuritis,  progress  to 
a  certain  extent,  leading  to  both  restriction  of  the  field  of  vision 
and  defective  central  vision,  and  then  become  arrested. 

In  all  cases  where  there  is  merely  a  central  scotoma  xvithout 
any  narroiving  of  the  field,  the  prognosis  is  good,— that  is  to^  say, 
the  scotoma  may  become  absolute,  but  vision  is  not  likely 
eventually  to  be  lost  altogether,  notwithstanding  the  objective 
appearances. 

Neither  from  the  ophthalmoscopic  changes  nor  from  any  peculiari- 
ties in  the  svmptoms  does  it  seem  possible  to  diagnose  the  cause  of  the 
atrophy  without  takiug  into  consideration  other  circiunstanccs  An 
atrophy  due  to  spinal  disease  is  often,  though  not  always,  comphcated 
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lit  the  time  of  examination  by  ataxic  or  other  sjjinal  symptoms,  or  by 
abnormalities  in  connection  with  the  pupil,  loss  of  knee-jerk,  &c. ; 
one  which  is  connected  with  cerebi'al  disease  is  frequently  followed, 
tliough  rarely  preceded,  by  mental  derangements.  Some  of  the 
primary  degenerative  changes  in  the  optic  nerve,  which  are  always 
bilateral,  are  local  expressions  of  the  same  conditions  which  give  rise 
to  tabes,  and  as  such  may  precede  the  other  symptoms.  They  are  not 
extensions,  but  independent  degenerations  of  probably  exactly  the 
same  nature  as  those  which  Pierret  has  demonstrated  frequently  exist 
in  the  cutaneous  nerves.  Sometimes  the  degeneration  begins  at  the 
central  terminations,  at  other  times  at  more  peripheral  parts  of  the 
optic  nerves.  Apart  from  what  has  been  shown  to  exist  anatomically, 
Nettleship  considers  that  the  absence  of  pre-atrophic  amblyopia 
aftbrds  strong  clinical  evidence  of  the  peripheral  and  entirely  iso- 
lated nature  of  the  degeneration,  which  in  cases  of  tabes  leads  to  pro- 
gressive atrophy.  In  other  cases  it  appears  to  be  "altogether  uncon- 
nected with  any  similar  process  elsewhere,  or  are  at  all  events  not, 
even  after  the  lapse  of  many  years,  followed  by  any  changes  in  the 
central  nervous  system,  even  although  they  may  perhaps  be  looked 
upon  as  not  improbably  manifestations  of  the  same  disease. 

Unilateral  atrophies  are  generally  the  result  of  sorae  process 
originating  either  in  the  retina  or  the  orbit,  but  they  may  be 
caused  by  compression  within  the  cranium  either  of  the  nerve 
or  the  vessels  supplying  it.  The  latter  cause  may  be  suspected 
when  there  is  marked  evidence  of  arterio-sclerosis  elsewhere. 
Of  the  bilateral  forms  of  cerebro-spinal  origin  some  idea  of 
the  process  giving  rise  to  them  may  be  gathered  from  the 
ophthalmoscopic  appearances  ;  thus  the  opaque-looking  atrophic 
degeneration,  with  narrowing  of  the  vessels,  points  to  changes 
mainly  involving  the  connective  tissue  and  destroying  the 
nerve  elements.  It  may  be  taken  as  a  general  rule — to  which, 
however,  there  are  exceptions  —  that  degenerative  processes 
beginning  at  the  base  of  the  brain,  while  they  lead  to  pallor, 
are  not  associated  with  diminution  in  the  vessels  unless  the 
atrophic  process  has  at  any  time  been  complicated  by  a  papil- 
litis. Processes  which  begin  in  the  papilla  itself,  and  involve 
the  connective  tissue,  as  they  affect  that  portion  of  the  nerve 
m  which  the  central  vessels  are  situated,  do  cause  constriction 
of  these  vessels,  and  thus  gave  rise  to  a  different  ophthalmo- 
scopic picture. 

A  large  proportion  of  cases  of  bilateral  atrophy  are  certainly 
due  to  the  same  causes  which  give  rise  to  degenerative  changes 
m  the  sensory  tracts  of  the  spinal  cord  and  brain.    What  this 
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proportioxa  is  cannot  well  be  ascertained.   Nettleship's  statistics 
give  fifty-eight  out  of  seventy-six  cases,  or  fully  seventy-five 
per  cent.    This  is  possibly  rather  under  than  above  the  true 
amount,  as  a  great  many  cases  are  not  seen  by  ophtha  nnc 
surgeons  at  all,  but  are  recognised  by  the  physicians  by  whoni 
the  patients  are  treated  for  their  other  symptoms  _  Indeed, 
this  proportion  of  the  cases  referred  to  is  only  that  in  which 
some  undoubted  signs  of  disease  of  the  central  nervous  sys  em 
existed ;  in  ten  cases  more,  such  a  connection  was  more  or  less 
'probable;  this  would  raise  the  percentage       aboiit  mnet)% 
which  may  be  taken  as  not  far  off  the  mark.    Uhthoff  has  also 
given  statistics  of  one  hundred  cases  of  atrophy.    From  these, 
however,  must  first  be  excluded  seventeen  depending  rather  on 
neuritis  or  some  orbital  affection,  &c.     Of  the  eighty-three 
remaining,  sixty-nine,  or  eighty-three  per  cent.,  were  con- 
nected with  some  more  or  less  evident  spinal  or  _  cerebral 
disease     The  percentage  of  cases  of  tabes  dorsalis,  m  which 
optic  atrophy  shows  itself  at  some  time  or  othei%  is  estimated 
at  from  fifteen  to  twenty  per  cent.     Atrophy  also  occurs  m 
disseminated  insular  sclerosis  and  in  lateral  sclerosis,  but  is 
not  met  with  in  affections  of  the  nuclei  of  some  of  the  cramal 


The  ophthalmoscopic  changes  characteristic  of  atrophy  are 
not  marked  where  it  is  due  to  disease  at  one  visual  centre  and 
the  defect  in  vision  produced  is  of  the  hemianopic  type,  yet  it  i. 
known  that  degeneration  does  spread  downwards  in  such  ^^^^^^^ 
Possibly  affections  of  both  hemiopic  centres  or  of  other  Msual 
Intres' supposing  such  to  exist  may  be  the  cause  o^^^^^^^^^ 
atrophies  which  extend  far  enough  to  become  visible  with  the 
opllalmoscope.    It  seems  likely  that  when,  as  -PP--- 
certain  proportion-probably  quite  ten  per  ^^-^  ^^^'^^^^ 
aeneral  paralysis-there  is  optic  atrophy,  there  s  at  he  same 
Ce  sonLpinaldegeneration.  Atrophy  in  disseminated sc^^^^^^ 
is  most  frequently  accompanied  by  other  paralyses  of  cranial 
nerves  er/.,  of  the  sixth,  seventh,  &c.  .    •,  ,  • 

Tl ;        symptoms  in  connection  with  spmal  lesmns  are 
often  ot  imporknce  from  a  diagnostic  point  of  view  as  showmg 
he  eventnlny  slow  degenerative  nature  of  the  d--;  - 
when,  as  son,etinres  happens  at  the  tnne  of  first  ° 
the  symptoms  from  the  side  of  the  cord  are  acnte.    bpmal  as 
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well  as  primary  optic  atrophy  is  a  great  deal  more  common  in 
men  than  in  women. 

Altogether,  optic  atrophy  has  heen  found  to  account  for 
about  one-fourth  of  all  cases  of  blindness.  As  one  pretty  fruit- 
ful source  of  blindness,  viz.,  ophthalmia  neonatorum,  is  now  less 
active  owing  to  better  prophylactic  measures  being  taken  than 
formerly,  the  percentage  of  cases  of  blindness  due  to  atrophy 
may  be  even  higher  than  this. 
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DISEASES  OF  THE  IRIS  AND  CILIAEY  BODY. 

The  Zeis.  Notwitlistanding  that  a  most  intimate  anatomical 

connection  exists  between  the  different  parts  of  the  uveal  tract 
(the  iris,  choroid,  and  intervening  ciliary  body),  it  is  more  com- 
mon to  find  inflammation  localised  either  throughout  its  whole 
course,  or,  for  some  time  at  all  events,  to  one  particular  portion 
of  that  tract,  than  to  meet  with  a  general  uveitis. 

This  is  greatly  owing  no  doubt  to  the  differences  which 
exist  in  the  source  from  which  the  blood  supply  for  the  various 
parts  is  immediately  drawn.  In  this  respect  the  iris  and  ciliary 
body  are  more  intimately  connected  than  is  either  with  the 
choroid,  both  being  supplied  by  the  anterior  and  posterior  long 
ciliary  arteries.  The  choroid,  one  of  whose  functions  is  to  con- 
vey nutrition  to  the  other  parts  of  the  eye,  is  not  only  suppHed 
from  a  different  source,  viz.,  the  short  posterior  ciliary  arteries 
but  is  traversed  by  a  network  of  vessels  which  are  relatively 

richer  in  blood. 

The  choroid,  with  its  peculiar  vascular  supply,  is  most  sub- 
ject to  inflammation  occurring  in  variously  disposed  and  localised 
patches,  except  in  the  case  of  the  htemorrhagic  and  suppurative 
forms  of  inflammation.  The  anterior  portion  of  tlie  uveal  tract 
shows,  on  the  other  hand,  a  greater  tendency  to  diffuse  in- 
flammation. The  iris  and  ciliary  body  are  frequently  inflamed 
at  the  same  time.  This  is  almost  invariably  the  case  when  the 
inflammation  is  first  set  up  in  the  ciliary  body.  When  origi- 
nating in  the  iris  it  is  not  uncommonly  either  entirely  or  mainly 
confined  to  it. 

Inflammation  of  the  iris— trials— may,  from  a  clinical  point 
of  view,  be  looked  upon  as  occurring  under  three  forms— (1.) 
plastic ;  (2.)  serous ;  (3.)  purulent.  This  classification,  accord- 
ing to  the  nature  of  the  secretion  from  the  inflamed  tissues,  is 
justified  not  only  on  account  of  the  types  themselves  being 
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tolerably  distinct  types,  and  leading,  apart  from  complications, 
to  different  changes  within  the  eye,  but  also  on  account  of  the 
difficulty  of  establishing  any  satisfactory  classification  based 
on  the  etiology  of  each  case.  It  is  of  course  of  the  xitmost  im- 
portance to  consider  the  etiology  as  well,  yet  it  is  only  rarely 
that  this  can  be  made  out  by  an  examination  of  the  ocular 
changes  alone. 

Iritis  may  be  'primary,  or  secondary  to  some  general  affec- 
tion or  dyscrasia.  The  most  important  forms,  considered  etio- 
logically,  and  pretty  much  in  the  order  of  frequency  in  which 
they  are  usually  met  with,  are — (1.)  rheumatic,  (2.)  syphilitic, 
(3.)  traumatic,  (4.)  sympathetic,  (5.)  gonorrhcBal,  and  (6.)  tuber- 
cular, iritis. 

Hyperemia  of  the  Ieis. — Congestion  of  the  vessels  in  the 
iris,  which  gives  rise  to  some  discoloration  of  the  iris  as  a 
whole,  and  often  at  the  same  time  to  more  or  less  contraction 
of  the  pupil  (myosis),  is  a  frequent  accompaniment  of  irritation 
or  inflammation  elsewhere  in  the  eye.  It  is  met  with,  for 
instance,  very  frequently  where  foreign  bodies,  lodged  in  the 
cornea  for  some  time,  have  produced  a  local  irritation.  It  is 
also  seen  along  with  different  forms  of  keratitis,  with  scleritis 
and  inflammation  of  the  deeper  coats  of  the  eye,  and  is,  of 
course,  also  one  of  the  first  changes  which  take  place  when  the 
iris  itself  becomes  either  primarily  or  secondarily  inflamed. 
The  hyperaemia  gives  a  greenish  coloration  to  blue,  and  a  dirty 
reddish  appearance  to  dark  irides. 

When  myosis — what  has  been  by  ISTettleship  very  appro- 
priately called  congestive  myosis — exists  along  with  the  hyper- 
temia,  the  pupil  should  be  kept  dilated  with  atropine. 

Iritis.  —  Inflammation  of  the  iris,  from  whatever  cause, 
presents  certain  well-marked  symptoms.  When  acute,  there  is 
always  considerable  pain  referred  not  only  to  the  eye,  but  also, 

and  in  most  cases  indeed  principally,  to  the  surrounding  parts  

forehead,  sides  of  the  nose,  &c.  The  pain  is  usually  much  less 
severe  in  the  daytime — exacerbations  coming  on  at  night  and 
during  the  early  hours  of  the  morning.  In  the  serous  and 
chronic  forms  of  iritis  there  is  generally  very  little  pain,  some- 
times practically  none — not  sufficient,  in  fact,  to  direct  the 
patient's  attention  to  the  changes  taking  place. 

The  pain  of  iritis  is  spontaneous,  and  accompanied  by  photo- 
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phobia  cancl  lachrvmation.    It  is  often  increased  by  light  falhng 
into  the  eye,  and  also  by  attempts  at  reading  or  using  the  eyes 
for  any  purpose  requiring  active  accommodative  effort— m  short, 
by  anything  which  produces,  or  tends  to  produce,  changes  in  the 
shape  of  the  pupH,  and  thus  interferes  with  the  state  of  rest  of 
the  iris.    Temperature,  too,  is  not  without  influence.    As  a  rule, 
the  pain  is  increased  by  cold,  whereas  warmth  has  often  a 
markedly  soothing  effect.    There  is,  however,  little  or  no  pam 
on  pressure  in  uncomplicated  cases,  unless  they  be  very  severe; 
tenderness  to  pressure  indicates,  as  a  rule,  a  complication  with 
inflammation  of  the  ciliary  body  (cyclitis).    The  course  of  an 
acute  iritis  is,  in  fact,  pretty  definitely  indicated  by  the  amount 
of  pain.    As  the  inflammation  subsides  the  pain  becomes  less 
severe,  while  greater  pain  at  any  time  almost  invariably  co- 
exists with  exacerbations  of  the  inflammation.    As  a  rule,  too, 
the  more  acute  the  pain  the  more  severe  is  the  inflammation. 

Another  constant  symptom  of  iritis,  though  by  no  means 
pathognomonic  of  it,  is  a  drcwmcornad  injection— is,  an 
injection  of  the  fine  network  of  deeper  vessels  which  imme- 
diately surround  the  cornea.    These  vessels,  the  episcleral  or 
subconjunctival  vessels,  are  branches  of  the  anterior  ciliary 
arteries  and  veins.    They  form  a  network  around  the  cornea,  a 
quarter  of  an  inch  or  so  in  breadth,  the  finest  meshes  of  wMch 
lie  nearest  to  the  cornea.    According  to  the  severity  of  the 
iritis,  there  are  differences  in  the  breadth  of  the  ring  of  injection. 
Less  severe  cases  are  accompanied  by  injection  of  only  a  com- 
paratively  narrow  band,  i.e.,  only  the  vessels  immediately 
surrounding  the  cornea  are  distinctly  visible  as  a  pinkish  zone. 
With  increased  intensity  in  the  iritis  this  zone  widens  ^  out, 
and  in  very  severe  cases  may  be  associated  with  hyperemia  of 
the  more  superficial  vessels  of  the  ocular  conjunctiva  as  well,  or 
even  in  the  most  acute  plastic  forms,  and  in  purulent  iritis, 
with  chemosis.    When  there  is  no  irritation  or  focus  of  inflam- 
mation in  the  cornea,  a  circumcorneal  injection  is  indicative  of 
a  deep-seated  inflammation,  so  that  its  existence  in  such  cases 
should  at  once  direct  attention  to  the  iris. 

The  breadth  and  intensity  of  the  circumcorneal  injection  is, 
just  as  the  amount  of  pain  suffered,  a  good  measure  of  the 
severity  of  the  iritis.  With  ordinary  care  it  is  impossible  to 
mistake  it  for  conjunctival  hyperemia,  but  the  possibility  of  the 
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deep  and  superficial  injections  co-existing  should  be  borne  in 
mind,  as  in  that  case  the  differential  diagnosis  jDresents  rather 
more  difficulty.  It  is  seldom  that  any  marked  degree  of  swelling 
or  redness  of  the  eyelids  occurs  in  iritis,  except  in  the  purulent 
form  ;  at  most,  there  is  usually  only  a  little  redness  confined  to 
the  margin  of  the  upper  lid. 

A  third  symptom  is  hyperceviia  of  the  iris.  The  hypersemia 
is  often  most  distinctly  visible  in  the  region  of  the  sphincter 
pupillte,  i.e.,  in  the  zone  almost  immediately  surrounding  the 
pupil,  where  some  of  the  branches  of  the  arteries  in  the  iris  form 
a  ring.  Sometimes,  commonly  enough  in  cases  of  traumatic 
iritis  for  instance,  the  engorged  vessels  give  way  and  lead  to  an 
effusion  of  blood  into  the  anterior  chamber  (hypheema).  The 
inflamed  iris  is  not  only  altered  in  colour,  owing  to  hyper^emia, 
but  the  glistening  appearance  which  its  surface  presents  in 
health  is  lost,  while  the  markings  on  its  surface,  in  so  far  at  least 
as  these  can  be  seen  with  the  naked  eye,  are  more  or  less  effaced. 
This  muddiness  of  the  iris  is  the  result  of  exudation  into  the  sur- 
rounding aqueous,  as  well  as  into  its  own  tissues,  and  is  there- 
fore more  or  less  complete  according  to  the  nature  and  amount 
of  the  exuded  material.  The  parenchymatous  exudation  leads 
to  thickening  of  the  iris.  The  thickening  is  usually  not  very 
great,  and  tolerably  uniform  throughout,  although  perhaps  most 
marked  near  the  pupil.  Sometimes,  however,  it  forms  promi- 
nent masses  projecting  more  or  less  into  the  anterior  chamber, 
and  single  or  multiple.  Such  masses  are  mostly  either  tuber- 
cular or  syphilitic  in  their  nature. 

The  exudation,  which  does  not  infiltrate  the  tissvies  of  the 
iris  itself,  passes  into  the  posterior  and  anterior  aqueous  chambers, 
and  leads  to  attachments,  more  or  less  complete  and  firm,  between 
the  posterior  surface  of  the  pupillary  margin  and  the  anterior 
capsule  of  the  lens.  These  attachments,  or  ijostcrior  synccJiice  as 
they  are  called,  form  one  of  the  chief  and  most  serious  compli- 
cations of  iritis.  They  interfere  with  the  mobility  of  the  pupil, 
and  render  the  result  of  subsequent  attacks  much  more  doubt- 
ful than  they  might  be,  as  not  only  do  fresh  synechia  then 
form,  which  might  otherwise  be  prevented,  but  the  pupil  may 
be  more  or  less  occluded  by  exudation  passing  from  one  side  to 
the  other.  The  synechia  which  form  in  an  ordinary  case  of 
iritis,  where  the  inflammation  has  not  been  prolonged  and  severe 
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or  the  exudation  excessively  plastic,  are  generally  punctiform. 
That  is  to  say,  there  is  not,  as  a  rule,  from  one  attack,  and  more 
especially  if  proper  treatment  has  been  adopted  at  an  early 
stage,  a  continuous  attachment  of  the  pupillary  border  to  the 
lens  capsule  ;  only  isolated  attachments  here  and  there.  These, 
too  are  often  most  numerous  at  the  lower  part  of  the  pupil,  as 
the  exudation  which  gives  rise  to  them  gravitates  to  the  most 
dependent  portion  of  the  area  over  which  the  back  of  the  iris  is 
in  contact  with  the  lens  capsule,  and  this  is  most  often  the 
lower  part  of  the  pupil.  They  are  apt  to  form  during  the  night, 
partly  on  account  of  the  exudations  which  then  take  place,  and 
partly,  no  doubt,  owing  to  the  iris  then  being  more  constantly 
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^le.  68.  Irregular  pupil  owing  to  synecliise,  from  a  case  of  iritis 

under  atropine. 

at  rest  than  during  the  day.  The  tacking  down  of  the  iris  is 
not  noticeable,  as  a  rule,  unless  an  attempt  is  made  to  dilate  the 
pupil,  when,  instead  of  being  round,  it  assumes  an  irregular 
shape,  due  to  irregularity  in  the  dilatation  which  results  from 
adhesions  in  some  situations  and  not  in  others.  Some  days 
elapse  before  the  synechite  become  so  firm  as  to  ^  resist  any 
ordinary  effort,  such  as  may  be  made  by  a  mydriatic,  that  is,  a 
substance  which  has  the  power  of  causing  dilatation  of  the  pupil. 
Fresh  attachments  yield  in  this  way,  usually  leaving  beliind 
them  some  pigment  from  the  back  of  the  iris,  so  that  it  is  not 
an  uncommon  thing  to  see,  in  an  eye  in  which  there  has  pre- 
viously been  iritis,  a  number  of  pigment  spots  on  the  surface 
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of  the  capsule,  indicating  the  positions  of  the  former  attach- 
ments. 

In  severe  cases  of  iritis,  or  in  cases  where  proper  treatment 
has  been  neglected  at  the  first,  and  in  which  there  have  been 
more  or  less  frequent  recurrences  of  inflammation  at  different 
periods,  a  complete  agglutination  between  the  iris  and  capsule 
takes  place.  Sometimes  this  may  be  so  complete  as  to  abolish 
altogether  the  space  throvigh  which  the  aqueous  humour  which 
is  secreted  from  the  walls  of  the  posterior  chamber  finds  its 
way  into  the  anterior  chamber.  This  is  called  exclusion  of  the 
pupil.  In  the  very  worst  cases,  always  complicated  with  cyclitis, 
the  exudation  is  extremely  plastic  and  copious,  and  leads  not 
only  to  agglutination  of  the  pupillary  margin,  but  to  an  at- 
tachment of  the  back  of  the  iris  to  the  lens  capsule,  and  to  a 
practical  obliteration  of  the  posterior  aqueous  chamber.  The 
complications  which  arise  from  these  conditions  are  afterwards 
discussed. 

The  exudation  which  passes  into  the  anterior  chamber  causes 
in  many  cases  a  mere  cloudiness  and  discoloration  of  the  aqueous 
humour,  more  or  less  marked  according  to  the  amount  existing 
at  the  time  of  examination,  and  generally  denser  at  the  most 
dependent  part  of  the  chamber.  In  the  so-called  serous  iritis 
little  deposits  of  lymph  take  place  on  the  walls  of  the  anterior 
chamber. 

In  some  cases  of  plastic  iritis  a  spongy-looking,  fibrinous 
mass  may  be  seen  lying  in  the  anterior  chamber.  This,  too, 
occasionally  consolidates  into  what  bears  a  very  striking  resem- 
blance to  a  dislocated  clear  lens  in  this  position.  So  close, 
indeed,  is  the  resemblance,  that  if  the  case  is  then  seen  for  the 
first  time,  the  diagnosis  may  be  by  no  means  easy.  In  purulent 
iritis  the  pus  secreted  from  the  inflamed  tissues  collects  in  the 
anterior  chamber,  where  it  falls  to  the  most  dependent  part  as 
hypoioyon. 

The  hypertemia  of  the  iris,  as  well  as  the  synechise,  give  rise 
to  another  symptom  of  iritis,  viz.,  a  sluggishness  in  the  move- 
ments of  the  p7opil,  so  that  if  the  eyes  be  alternately  covered  with 
the  hand  or  lids  and  exposed  to  the  light,  the  dilatation  and 
contraction  which  should  then  take  place  are  much  less  marked 
than  under  the  normal  conditions.  This  symptom  affords  a 
means  of  rapidly  ascertaining  whether,  when  there  is  great 
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injection  of  the  conjunctiva,  it  is  due  to  conjunctivitis  alone, 
or  conjunctivitis  complicated  with  iritis.  This  simple  test 
should  always  be  made  if  the  other  signs  of  iritis  are  not 
present. 

In  uncomplicated  iritis  the  vision  suffers  at  first  only  in  so 
far  as  can  be  accounted  for  by  the  amount  of  obscuration  in  the 
pupil  and  aqueous  humour  in  front  of  it.  There  is  therefore  in 
such  cases  frequently  no  great  diminution  of  visited  acuity.  In 
cases  where  there  is,  the  pupil  is  to  a  great  extent  occluded  by 
lymph,  or  the  iritis  is  complicated  with  choroiditis,  or  with 
cyclitis,  along  with  effusion  into  the  vitreous.  Before  referring 
any  visual  defect  found  on  examination  to  the  inflammatory 
changes  in  the  eye,  it  is  well  to  test  whether  vision  is  not 
improved  with  any  glass.  Owing -to  the  inflammation  a  pre- 
viously latent  degree  of  hypermetropia  may  become  manifest, 
or,  on  the  other  hand,  there  may  be  an  abnormal  degree  of 
spasm  of  the  ciliary  muscle  from  irritation,  giving  rise  to 
myopia.  It  occasionally  happens,  too,  that  the  lens  is  some- 
what pushed  forward,  so  as  to  give  rise  to  a  slight  degree  of 
myopia. 

Some  increase  in  intraocular  tension  probably  always  takes 
place  in  iritis.  When  there  is  not  a  very  copious  exudation  it 
is  often,  however,  impossible  to  detect  the  increase;  in  other 
cases,  especially  in  serous  iritis,  it  may  be  very  marked  indeed. 
At  later  stages  of  the  disease,  after  the  supervention  of  secondary 
changes,  it  is  very  common  to  find  first  an  increase,  and  sub- 
sequently a  diminution  of  the  tension  within  the  eye. 

Very  great  differences  are  met  with  in  the  duration  of  an 
attack  of  iritis,  as  many  cases,  even  such  as  eventually  lead  to 
the  very  worst  consequences,  as  far  as  the  functions  of  the  eye 
are  concerned,  run  a  chronic  and  more  or  less  painless  course 
from  the  beginning.  In  some  more  acute  cases,  again,  relapses 
may  take  place,  and  thus  the  inflammation  be  protracted  beyond 
its  natural  duration.  Very  much,  indeed,  depends  on  the  treat- 
ment adopted  from  the  first.  Most  acute  cases,  if  properly 
treated,  last  from  three  to  six  weeks,  the  duration  being  more 
frequently  nearer  the  lower  limit  than  the  higher. 

In  some  cases,  where  the  iritis  exists  along  with  some  other 
affection,  as  for  instance  some  cases  of  gonorrhoeal  iritis,  m 
which  there  are  mostly  manifestations  of  gonorrhoeal  rheu- 
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inatism  at  the  same  time,  there  is  a  tendency  to  the  recurrence 
of  the  iritis  every  time  that  the  symptoms  with  which  it  has 
previously  been  associated  make  their  appearance.  But  there 
is  an  important  class  of  cases  in  which  the  recurrence  takes 
place  from  time  to  time  without  there  being  any  very  marked 
association  with  other  affections.  Such  cases  have  received 
the  name  of  recurrent  iritis.  Sometimes  the  recurrence  takes 
place  at  regular  intervals,  most  frequently  at  or  about  the  same 
season,  year  after  year.  More  commonly  there  is  no  such 
regularity  exhibited  in  the  periods  of  recurrence. 

It  has  long  been  a  disputed  point  as  to  how  far  the  presence  of 
synechia  leads  to  recurrent  attacks  of  inflammation  of  the  iris.  Some 
maintain,  for  instance,  that  the  dragging  on  the  iris,  which  the 
sjuechise  occasion  wdien  the  pupil  responds  actively  to  changes  in 
the  amount  of  light,  is  the  main,  if  not  the  only  cause  of  such  recur- 
rence. Others  again  deny  any  influence  at  all  from  the  side  of  the 
synechife.  Many  eyes  in  which  synechite  are  present  are  not  subject 
to  recurrent  iritis,  while  on  the  other  hand  recurrent  attacks  are  met 
with  in  cases  where  there  are  no  synechias.  It  has  been  observed, 
too,  that  Avhere  any  association  with  other  rheumatic  affections — for 
it  is  mainly  if  not  enthely  m  the  rheimiatic  form  of  iritis  that  recur- 
rence takes  place — is  found  to  exist,  the  repeated  attacks  are  con- 
nected more  or  less  intimately  with  other  manifestations  of  the  same 
constitutional  weakness.  It  seems  probable,  therefore,  that  recurrent 
iritis  is  as  a  rule,  at  all  events,  not  due  primarily  to  the  synechia5. 
Stdl  the  presence  of  the  synechiaj,  by  interfering  with  the  proper 
dilatation  of  the  pupil,  tends  to  prolong  the  attacks. 

When,  instead  of  isolated  or  discontinuous  attachments,  an 
annular  adhesion  has  taken  place,  so  that  the  pupil  is  com- 
pletely blocked,  further  changes  usually  soon  begin  in  the  eye, 
owing  to  the  fluid  secreted  from  the  posterior  chamber  not 
being  able  to  find  its  way  into  the  anterior  chamber,  and  thus 
escape  from  the  eye.  The  iris  is  then  bulged  forward,  so  that 
the  anterior  chamber  is  shallowed,  except  in  that  portion 
corresponding  to  the  pupil,  i.e.,  at  its  centre.  The  appearance 
presented  by  this  condition  is  well  called  by  French  writers 
"iris  bombe."  The  vision  then  no  longer  corresponds  to  the 
opacities  in  or  in  front  of  the  pupil,  but  is  diminished  by  changes 
in  the  vitreous  or  choroid,  or  more  frequently  by  those  which 
the  accompanying  increased  intraocular  tension  gives  rise  to. 
Eventually  complete  blindness  from  detachment  of  the  retina, 
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or  secondary  glaucoma,  is  the  result  in  such  cases,  if  operative 
interference  has  not  been  made  in  good  time. 

Iritis  is  most  common  during  the  first  three  decades  ot  life, 
and  perhaps  least  common  in  infancy  or  early  childhood.  It 
occurs,  as  Hutchinson  amongst  others  has  pomted  out  as  a 
rare  manifestation  of  inherited  syphilis  in  very  young  children, 
mostly  before  the  end  of  the  first  year;  sometimes,  mdeed 
during  intra-uterine  life,  and  at  a  later  stage  when  associated 
with  interstitial  keratitis.  In  older  children  the  serous  form 
is  practically  the  only  one  met  with,  if  we  exclude  traumatic 
and  sympathetic  iritis  and  the  rare  tubercular  inflammation  of 
the  iris. 

The  treatment  of  iritis  should  vary  to  some  extent  according 


Fig.  69.— Iris  bombe  shown  in  section.    After  Fuehs. 

to  the  cause  of  the  inflammation,  and  may  therefore  be  con- 
sidered under  the  headings  of  special  and  general  treatment. 
The  special  treatment,  applicable  to  the  different  forms  ot  mtis, 
is  referred  to  in  the  connection  with  the  discussion  ot  each 
form  The  general  treatment,  applicable  to  all  cases,  may  be 
divided  into  that  to  be  adopted  at  the  time  of  the  inflamma- 
tion, and  that  which  is  necessary  in  order  to  avert  the  conse- 
quences of  the  complications  to  which  it  gives  rise.  VV  Hat 
should  be  aimed  at,  at  the  time  of  the  inflammation,  is  to  put 
the  eye  as  far  as  possible  at  rest,  to  prevent  the  formation  ol 
synechiffi,  and  alleviate  the  pain. 

The  patient  should  wear  either  darkened  glasses— the  best 
kind  being  what  are  called  " London  smoke"  glasses— or  have 
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both  eyes  well  covered  by  a  shade.    The  shade  should  come 
well  down  over  the  eyes  at  the  sides  as  well  as  in  the  front, 
and  while  thoroughly  keeping  the  light  away,  should  be  not 
too  heavy.    One  of  the  best  materials  for  such  a  shade  is 
ordinary  brown  paper.    It  is  not  necessary  in  most  cases,  if 
this  precaution  be  taken,  to  keep  the  patient  in  a  darkened 
room.    He  should  not,  however,  be  in  a  very  strongly  illumi- 
nated one.    All  attempts  at  reading  or  writing  must  be  stopped. 
Owing  to  the  association  which  exists  between  the  impulses 
to  pupillary  and  accommodative  movements  in  the  two  eyes,  it 
is  impossible  to  comply  properly  with  the  indication  for  rest, 
unless  both  eyes  be  kept  from  sudden  and  constant  changes 
in  illumination,  or  from  efforts  at  accommodation;  hence  it 
does  not  suffice  to  shade  one  eye  alone,  or  to  allow  the  patient 
to  read  with  the  sound  one  while  the  other  is  bandaged,  as  is 
often  done.     An  attempt  must  be  made  to  get  the  pupil 
thoroughly  dilated  with  atropine,  and  this  dilatation  should 
be  kept  up  as  long  as  any  circumcorneal  injection  lasts.  Care 
should  be  taken  in  applying  the  atropine  drops  that  they  really 
get  into  the  eye,  and  are  not  washed  away  by  the  copious  How  of 
tears  met  with  in  most  cases.    When  atropine  is  not  tolerated, 
duboisin  or  daturin  may  be  substituted. 

If  the  case  has  first  come  under  observation  when  the 
synechite  have  begun  to  form,  continued  use  of  atropine  may 
lead  to  their  rupture,  and  a  good  dilatation  may  be  got  even 
after  several  days. 

In  most  cases,  at  all  events,  the  unattached  portion  of  the 
pupil  dilates,  and  further  mischief  is  to  a  great  extent  obvi- 
ated. "Where,  however,  there  are  not  only  dense  but  numer- 
ous attachments  already  formed,  and  a  few  days'  use  of 
atropine  makes  little  or  no  impression  on  the  pupil,  it  is  often 
advisable  not  to  go  on  so  freely  with  the  atropine,  as  the  drag- 
ging thus  produced  rather  tends  to  keep  up  than  to  allay  the 
inflammation.  The  pain  is  best  relieved  by  the  frequent  use  of 
hot  fomentations.  Leeching,  either  with  the  artificial  leech 
(Heurteloup),  or  with  natural  leeches  (three  or  four  to  the 
temple),  sometimes  has  a  good  effect  on  the  pain,  though  it  has 
little  infiuence  on  the  course  of  the  inflammation.  In  n)any 
cases  opiates  give  very  decided  and  prolonged  relief.  Cocaine 
locally  three  or  four  times  a  day,  or  oftener,  may  be  tried  in 


252   niSEASES  OF  THE  IRIS  AND  CILIARY  BODY. 

some  of  the  chronic  forms,  when  atropine,  on  account  of  the 
abundant  synechicT,  is  contra-indicated.  It  appears  sometimes 
to  check  the  inflammation,  though  why  this  shoula  be  it 
is  diliicult  to  understand.  Patients  with  iritis  should,  as  a 
rule  have  the  temperature  of  their  rooms  kept  as  equable 
as  possible,  as  they  are  often  liable  to  relapses  from  exposure 

to  cold.  T  T  •      ,  • . 

The  treatment  sometimes  required  for  cases  of  old  iritis  is 
iridectomy.    This  operation  is  called  for  in  two  different  classes 
of  cases.   In  the  first  place,  to  improve  vision  where  the  pupii  is 
small,  and  to  a  great  extent  occluded,  though  the  condition  has 
not  led  to  serious  nutritive  changes ;  and  in  the  second  place,  with 
the  object  as  well  of  preventing  the  complete  destruction  of  vision 
which'  either  the  existing  condition  or  the  danger  of  recurrence 
of  the  inflammation  has  threatened.    Iridectomy,  when  per- 
formed for  iritis,  should  as  much  as  possible  be  done  at  a  time 
when  all  symptoms  of  inflammation  have  subsided,  and  the 
portion  of  iris  excised  should  be  large,  so  that  m  the  event  of  a 
subsequent  attack  taking  place,  the  coloboma,  or  artificial  pupil, 
may  be  less  likely  to  close  up.   At  the  same  time,  a  large  mdec- 
tomy  gives  the  best  chance  for  the  re-establishment  of  the  normal 
flow  of  aqueous  fluid  from  the  site  of  its  secretion  to  that  by 
which  it  leaves  the  eye,  the  interruption  in  which  process  may 
have,  as  already  explamed,  such  serious  consequences.  Iri- 
dectomy is  urgently  called  for,  and  often  followed  by  the  most 
brilliant  results,  whHe  the  condition  known  as  "ms  bonibe  is 
present,  and  the  intraocular  tension  increased.    The  eflect 
iridectomy  in  this  condition  was  one  of  the  greatest  of  the  manj 
discoveries  which  ophthalmic  surgery  owes  to  von  Lxraete  ana 
one  which  in  great  measure  led  him  to  adopt  the  same  treat- 
ment so  successfully  in  glaucoma.    Even  in  cases  ^vhere  he 
tension  is  below  normal,  if  there  be  not  already  blmdnes 
iridectomy  may  prove  of  service.    In  recurrent  ^I'^^is  too,  an 
iridectomy  performed  at  a  time  when  the  mflamma  ion  has 
subsided,  often,  though  certainly  by  no  means  invariably  pre- 
vents the  recurrence  or  lessens  the  frequency  and  severity  ot 

subsequent  attacks.  i,  „o 

Other  operations  which  are  performed  for  old  mtis,  such  as 
attempts  at  separating  the  synechi.^,  and  sclerotomy  are  either 
less  safe  or  less  efficient  than  iridectomy,  and  on  that  account 
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not  to  be  recommended.  In  the  worst  cases,  where  the  iris  has 
become  friable  or  "rotten,"  and  more  or  less  atrophied  from 
repeated  inflanniiation,  and  where  the  attachments  to  the 
capsule  are  very  extensive  owing  to  the  association  with  cyclitis, 
it  is  sometimes  possible  to  improve  vision  and  prevent  further 
destruction  taking  place  by  removing  the  lens.  An  operation 
of  this  nature  is  most  frequently  called  for  in  cases  of  severe 
sympathetic  iritis. 

When  iritis  is  not  set  up  by  injury,  the  two  most  common 
causes  are  rlieumatism  and  syphilis.  It  is  difficult  to  determine 
in  what  proportion  these  two  predisposing  causes  are  account- 
able for  the  cases  met  with,  as  not  only  is  there  probably  a  very 
considerable  difference  in  this  proportion  in  different  places,  but 
it  is  by  no  means  easy  always  to  exclude  the  possibihty  of  a 
syphilitic  origin  in  any  particular  case.  We  may  say  with 
tolerable  certainly,  however,  that  syphilis  is  seldom  responsible 
for  less  than  ten  per  cent,  or  more  than  fifty  per  cent,  of  all  the 
cases,  so  that  on  the  whole  the  rheumatic  form  is  decidedly  the 
most  common. 

Eheumatic  Iritis. — This  form  of  iritis  occurs  most  fre- 
quently during  the  prime  of  life,  between  the  ages  of  twenty 
and  fifty.  There  is  often  a  distinct  history  of  former  rheumatic 
affections  elsewhere,  or  there  may  be  other  parts  affected  with 
rheumatic  inflammation  at  the  same  time.  At  other  times 
there  is  no  other  rheumatic  manifestation,  and  yet  a  great 
tendency  shown  to  iritis  from  exposure  to  cold.  Most  fre- 
quently only  one  eye  is  affected,  but  both  may  be,  either  at 
the  same  time  or  within  a  short  interval.  The  inflammation 
occurs  with  very  varying  degrees  of  severity,  and  the  prog- 
nosis, even  in  the  most  severe  cases,  is  favourable  if  proper 
treatment  be  adopted  from  the  first,  before  extensive  synechise 
have  formed  or  cyclitis  has  become  developed. 

The  treatment  consists  in  avoiding  changes  of  temperature  or 
light  and  the  use  of  the  eyes,  also  in  keeping  up  the  dilatation  of 
the  pupil — in  attention,  in  fact,  to  the  general  line  of  treatment ' 
for  iritis.  Besides  this,  great  benefit  is  usually  got  from  the  use 
of  salicin  or  salicylate  of  soda.  Perhaps  the  best  way  of  using 
salicin  is  for  the  patient  to  begin 'taking  seven  to  eight  grains  every 
hour,  remaining  in  bed  all  the  time,  and  afterwards  to  take  from 
ten  to  fifteen  grains  thrice  daily  for  some  time.    In  this  way  it 
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is  sometimes  possible  to  cut  short  the  attacks,  and  in  almost  all 
cases  the  pain  is  lessened.  In  obstinate  recurrent  cases  it  is 
well  to  avoid  too  much  care  in  preventing  draughts,  &c.,  as  the 
susceptibility  of  the  patient  may  thereby  be  considerably  in- 
creased. It  is  better  to  make  some  systematic  attempts  at  a 
gradual  hardening,  and  allow  more  and  more  exposure  to  the 
conditions  which  appear  to  bring  about  the  attacks.  At  the 
same  time  two  or  three  visits  to  Wiesbaden  often  do  good. 
The  baths,  not  the  waters,  are  recommended  by  Pagenstecher, 
and  these  should  not  be  begun  until  a  few  weeks  at  any  rate 
have  elapsed  since  the  last  attack  of  inflammation.  In  the 
distinctly  rheumatic,  other  baths,  such  as  Harrogate,  Droitwich, 
JSTauheim,  Wildbad,  Acqui,  &c.,  may  be  recommended. 

GoNORRHCEAL  Ikitis.— Closely  allied  to  rheimiatic  iritis  is 
the  rare  form  which  is  undoubtedly  associated  with  gonorrhcea. 
The  inflammation  is  always  severe,  and  the  cause,  owing  to 
co-existing  inflammatory  changes  in  the  joints  is  apt  to  be 
overlooked.  Gonorrhoeal  iritis  always  seems  to  occur  in  both 
eyes,  though  not  always  quite  simultaneously,  and  with,  it  may 
be,  different  degrees  of  severity  in  the  two  eyes.  Successive 
attacks  of  gonorrhoea  are  sometimes  accompanied  each  time  by 
iritis,  and  in  other  cases,  although  no  fresh  inoculation  takes 
place,  a  return  of  the  joint  affections  may  be  accompanied  by 
a  recurrence  of  the  iritis  as  well. 

The  local  treatment  is  the  same  as  for  other  forms  of  iritis. 
Iodide  of  potassium  in  large  doses  seems  to  be  the  best  general 
treatment  at  first,  followed,  as  the  inflammation  subsides,  by 
quinine  and  iron. 

Syphilitic  Iritis. — Iritis  occurs  as  a  secondary  manifesta- 
tion of  acquired  syphilis,  and  also  in  inherited  syphilis.  Though 
syphilitic  iritis  is  very  commonly  met  with  in  eye  hospitals, 
it  is  by  no  means  a  common  secondary  symptom.  The  statistics 
of  syphilologists  differ  widely  in  respect  to  its  frequency— from 
one  per  cent.  (Siegmund)  to  five  per  cent.  (Bock).  Hebra  and 
Fournier  each  found  three  to  four  per  cent.  Iritis  is  for  the 
most  part  a  late  secondary  manifestation,  making  its  appearance 
as  the  others  are  fading  away,  or  after  they  have  altogether 
disappeared.  Sometimes,  however,  it  runs  its  course  contem- 
poraneously with  other  secondary  sjmiptoms,  and  may  even  be 
the  first  to  appear. 
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The  hereditary  cases  of  iritis  mostly  occur  at  abovit  the  time 
of  puberty,  and  in  association  with  interstitial  keratitis.  Some 
few  cases  are  met  with  in  early  infancy,  or  still  more  rarely 
in  intra-uterine  life. 

It  is  as  a  rule  difficult,  or  impossible,  to  detect  from  the 
mere  inspection  of  the  eye  alone  when  the  iritis  is  due  to 
syphilis.  One  has  therefore  generally  to  be  guided  by  the  pres- 
ence or  absence  of  other  secondary  symptoms  in  arriving  at 
a  diagnosis,  or  by  the  history  in  cases  where  the  iritis  exists 
alone.  It  should  be  remembered,  too,  that  it  does  not  by  any 
means  follow  that  iritis  occurring  in  an  individual  who  has  at 
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Fig.  70. — Gummatous  iritis. 

one  time  contracted  syphiHs  is  essentially  specific  in  its  nature 
although  the  presumption  is  in  favour  of  such  being  the  case. 

In  some  cases  (about  two  per  cent,  of  all,  according  to  the 
average  of  statistics  by  a  number  of  observers)  the  inflammatory 
changes  in  the  iris,  which  are  usually  of  a  plastic  nature,  bear 
strong  evidence  of  their  syphilitic  origin.  Thus  the  develop- 
ment of  more  or  less  prominent  yellowish  vascularised  nodules 
in  the  iris,  or  of  localised  tumefactions  of  the  iris  tissue,  a  con- 
dition known  as  gummatous  iritis — (see  Fig.  70) — is  almost 
invariably  due  to  syphilis.  The  gummata  grow  slowly,  often 
causing  very  little  pain  or  other  evidence  of  inflammation,  until 
they  have  attained  some  size.  Their  vascularity  increases  as 
they  grow,  so  that  while  at  first  they  appear  as  yellowish  spots, 
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they  later  on  change  their  colour  to  a  dirty  brown.    It  is  this 
alteration  in  colour  which  in  doubtful  cases  mainly  distinguishes 
them  from  tubercles.    The  latter,  too,  are  as  a  rule  more  numer- 
ous, and  mostly  spring  from  the  peripheral  part  of  the  ins  m 
the  region  of  the  angle  of  the  anterior  chamber,  whereas  the 
aummata  show  a  greater  preference  to  develop  m  the  paren- 
chyma surrounding  the  pupil.     The  gummata  may  undergo 
fatty  deo-eneration  and  become  absorbed,  leavmg  no  trace,  or 
only  a  sfightly  depressed  atrophic  spot  at  the  sites  where  they 
existed    In  other  cases  they  increase  in  size,  growing  into  the 
anterior  chamber,  and  lead,  with  or  without  perforation  of  the 
cornea,  to  shrinking  of  the  ej&—pMUsis  UdU.    The  latter 
result  is  more  uncommon  than  the  former,  and  most  likely  to 
occur  where  the  gummata  originate  in  the  peripheral  portions 
of  the  iris,  when  they  are  frequently  associated  with  the 
formation  of  similar  nodules  in  the  ciliary  body. 

Gummatous  iritis  does  not,  as  the  name  might  imply,  belong 
as  a  rule  to  the  tertiary  period  of  syphilis,  but  to  the  secondary, 
although  on  the  whole  appearing  rather  later  than  the  more 
common  form. 

Syphilitic  iritis  may  occur  in  one  or  both  eyes.  Is^o  cause 
can,  as  a  rule,  be  given  for  its  occurrence-there  has  been  no 
trauma,  no  exposure  to  cold,  &c. 

While  the  invariably  bilateral  character  of   gonorrhoeal  iritis 
seeuis  to  admit  of  the  supposition  that  the  inflammation  is  set  up 
hiwh  the  agency  of  some  irritant  product  which  is  contamed  m  the 
b  oo  Htself,  the  connection  between  the  altered  state  of  the  blood  in 
Tlili.  and  syphilitic  iritis  is  not  so  evident  on  acco^mt  of  its  fi^- 
qnently  occurring  on  one  side  alone.    It  is  of  course  possible  that  in 
some  perhaps  in  many  cases,  there  may  be  a  special  vulnerahihty  of 
h'  n     o  that  slight  and  often  unnoticed  temperature  changes  may 
be  the  immediate  means  of  setting  up  the  mtis.    I-^^^''^  ^^^Y^^^J,^^ 
the  inflammation  is  determined  by  the  ^^^f'^'^Y-"'^''^^^^^^ 
capillaries  or  smaller  vessels  of  the  ins,  of  mmu  e  coagula  contam mg 
Se  specific  virus,  affords  a  better  explanation  both  of  the  comparative 
SLSue-y  of  iritis  in  syphilis,  and  of  its  frequent  undat^^^^^^^^ 
when  it  does  occur.    No  anatomical  proof  has  yet,  however,  been 
given  of  its  correctness. 

The  local  treatment  for  syphilitic  iritis  should  be  carried  out 
on  the  lines  already  laid  down,  with  reference  to  the  treatment 
of  iritis  in  general.  When  the  case  is  one  occurring  during  the 
secondary  period,  and  therefore  undoubtedly  specific,  the  patient 
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should  be  kept  on  a  simple  but  nourishing  diet,  and  abstain 
altogether  from  alcohol  and  tobacco.  The  bowels  should  be 
regularly  and  quietly  moved,  preferably  by  the  use  of  a  saline 
aperient  water,  and  mercurial  treatment,  except  in  the  case  of 
inherited  syphilis,  be  begun  at  once  and  continued  as  long  as 
possible. 

There  are,  of  course,  different  methods  of  using  mercury,  but 
treatment  by  inunction  is,  in  my  opinion,  preferable  to  either 
internal  administration  or  subcutaneous  injection.  If  care  be 
taken  to  keep  the  mouth  clean  by  the  frequent  use  of  solutions 
of  permanganate  or  chlorate  of  potash  and  a  toothbrush,  the 
inunction  may  be  continued  for  weeks  without  inducing  symp- 
toms of  mercurialism,  which  it  should  be  remembered  are  acci- 
dents to  be  avoided,  and  not  to  be  looked  upon  as  indicating 
that  sufficient  mercury  has  been  taken. 

Whatever  view  may  be  held  as  to  the  ultimate  relative  ad- 
vantage of  the  mercurial  or  non-mercurial  treatment  of  syphilis, 
the  eye  is  too  important  an  organ  for  us  not  to  take  advantage, 
when  treating  the  syphilitic  changes  which  occur  in  it,  of  the 
long-established  fact  of  the  value  of  mercury  in  causing  the 
disappearance  of  secondary  manifestations. 

Cases  of  plastic  iritis,  that  is  to  say,  as  distinguished  from 
the  gummatous  variety,  which  begin  six  months  or  more  after 
the  disappearance  of  secondary  symptoms,  should,  on  the  other 
hand,  not  be  treated  with  mercury,  but  in  the  way  recommended 
in  cases  of  rheumatic  iritis,  or  with  iodide  of  potassium.  When 
the  patient  has  completely  recovered  from  his  iritis,  iron  in 
some  form  may  advantageously  be  prescribed,  or  better  still,  if 
his  circumstances  admit  of  it,  he  may  be  sent  to  some  chalybeate 
bath. 

The  forms  of  iritis  already  described,  along  with  sympathetic 
iritis,  which  is  discussed  in  the  chapter  on  Sympathetic  Ophthal- 
mitis, are  the  main  forms  of  the  plastic  variety. 

Serous  Iritis. — This  variety  of  iritis,  which  receives  its  name 
on  account  of  the  exudation  being  on  the  whole  more  serous 
than  fibrinous,  is  almost  invariably  associated  with  a  cyclitis  or 
choroiditis.  It  is  much  more  frequent  in  women  than  in  men. 
According  to  Horner  the  proportion  in  the  two  sexes  is  as  ten 
to  three.  Corresponding  to  the  comparative  absence  of  a  plastic 
exudation,  serous  iritis  is  a  less  painful,  more  insidious,  and 
17 
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usually  more  chronic  affection,  than  most  of  the  forms  of  plastic 
iritis.  The  irritation  it  produces  is  indeed  often  so  slight,  that 
the  attention  of  the  patient  is  first  called  to  the  eye  by  the 
certain  degree  of  haziness  of  vision  to  which  it  gives  rise.  The 
back  of  the  cornea  is  then  found  on  examination  to  be  covered, 
mainly  in  its  lower  quadrant,  by  a  number  of  minute  brownish 
specks,  while  the  aqueous  humour  is  at  the  same  time  more  or 
less  turbid.  The  circumcorneal  injection  is  usually  slight  and 
most  marked  at  the  lower  part,  with  a  great  tendency,  however, 
to  become  more  apparent  if  the  eye  be  kept  open  for  some  time, 

or  if  it  be  rubbed. 

The  small  deposits,  which  lie  on  the  membrane  of  Descemet, 
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FiG.  71.— Serous  iritis,  showing  the  condition  known  as  keratitis 
punctata,  or  Descemetitis. 

consist  mainly  of  pigment,  along  with  leucocytes  and  fibrin. 
This  condition  often  receives  the  name  of  keratitis  punctata, 
although  it  is  not,  properly  speaking,  a  keratitis.  Descemetitis 
is  another  term  applied  to  the  same  appearance  (see  Fig.  71). 
The  pigment  evidently  comes  from  cells,  and  is  not  altered 
l3lood  pigment.  The  larger  spots  are  due  sometimes,  it  would 
appear,  to  proliferation  as  well  of  the  underlying  cells  of 
Descemet's  membrane. 

In  the  first  stage  of  the  inflammation  there  are  no  synechia?, 
or  only  very  trifling  ones.  Often  a  very  distinct  hypera?mia  of 
the  papilla  is  to  be  made  out  with  the  ophthalmoscope.  In 
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the  majority  of  cases  synechiie  begin  to  form  after  the  inflam- 
mation has  remained  for  some  weeks  iu  the  first  stage.  At 
the  same  time  the  hyperemia  of  the  papilla  becomes  more 
marked,  and  diffuse  white  floating  opacities  make  their  appear- 
ance in  the  vitreous.  These  changes  are  accompanied  by  alter- 
ations in  the  intraocular  tension,  which  is  first  increased,  and 
afterwards  very  often  considerably  diminished. 

The  prognosis  in  this  form  of  iritis  depends  much  on  the 
general  health  of  the  patient,  as  well  as  of  course  on  the  extent 
to  which  the  uveal  tract  as  a  whole  has  participated,  and  on  the 
completeness  of  the  synechias.  A  number  of  cases  end  in  com- 
plete recovery,  but  more  frequently  the  recovery  is  incomplete. 
In  some  cases  only  slight  changes  in  the  vitreous  occur  at  all, 
so  that  recovery  takes  place  after  the  inflammation  has  remained 
for  some  time  in  the  first  stage,  the  symptoms  being  mainly 
confined  to  the  anterior  portions  of  the  eye.  In  others,  again, 
the  more  or  less  dense  vitreo^^s  opacities  clear  away  after  longer 
or  shorter  periods,  and  no  further  harm  results,  if  the  formation 
of  synechife  has  been  obviated  by  keeping  the  pupil  dilated. 
Owing,  however,  no  doubt  to  the  alterations  which  the  uveal 
inflammation  brings  about  in  the  nutrition  of  the  eye,  there  is 
a  tendency,  in  cases  where  opacities  of  the  vitreous  have  been 
marked  and  persistent,  towards  the  gradual  development  of 
cataract,  which  almost  invariably  then  begins  with  an  opacity 
confined  to  the  posterior  portion  of  the  lens, — what  is  called 
postenor  polar  cataract.  The  worst  cases  are  those  in  which 
extensive  synechiee  have  formed,  with  occlusion  of  the  pupil, 
and  the  termination,  as  in  other  forms  of  iritis,  either  iu 
secondary  glaucoma,  or  detachment  of  the  retina,  with  shrinking 
of  the  eye. 

The  etiology  of  serous  iritis,  or  more  correctly  serous  irido- 
cyclitis, is  not  always  very  clear.  The  preponderance  of  cases 
in  women,  already  referred  to,  shows  that  syphilis  cannot  be  at 
all  events  a  general  cause.  Probably  Horner's  view  is  the  cor- 
rect one,  that  it  results  from  some  pathological  condition  of  the 
blood  or  blood-vessels.  He  points  out,  for  instance,  that  it  is 
this  variety  of  iritis  which  is  apt  to  occur  after  fevers  or  severe 
illnesses.  Often  there  are  menstrual  disturbances,  or  actual 
disorders  of  the  sexual  organs,  in  women  affected  with  tliis 
disease ;  all  are  more  or  less  anaimic  or  chlorotic.    When  it 
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occurs  in  men,  it  is  for  the  most  part,  too,  in  such  as  are  ill- 
nourished  and  aneemic. 

In  the  treatment  greater  care  must  be  taken  than  m  the 
case  of  the  plastic  variety  of  iritis  not  to  use  atropine  too 
freely  on  accoimt  of  the  tendency  there  is  towards  increased 
tension.    The  pupil  should  at  first  be  kept  dilated,  or  semi- 
dilated,  with  as  weak  a  mydriatic  as  possible.    When  the 
deposits  at  the  back  of  Descemet's  membrane  are  numerous 
and  laro-e,  it  is  well  to  perform  paracentesis  of  the  cornea,  taking 
care  no't  'to  allow  the  aqueous  humour  to  escape  too  rapidly. 
The  tapping  of  the  anterior  chamber  may  be  frequently  re- 
peated if  undertaken  with  proper  antiseptic  precautions.  It 
appears  to  have  a  beneficial  influence  on  the  inflammation,  and 
to  favour  the  absorption  and  disappearance  of  the  exudation 
into  the  vitreous  as  well.    When  these  vitreous  opacities  are- 
dense  wet  packing  and  subcutaneous  injections  of  pilocarpine 
are  often  of  use  in  promoting  absorption.     Wliere  there  is 
marked  increased  tension,  especially  in  elderly  people,  I  have 
found  sclerotomy  performed  with  the  triangular-shaped  knife 
(keratome)  of  great  use.    Owing  to  the  prevalence  of  anfemia, 
iron  in  some  form  or  other,  and  arsenic,  are  of  use.    Change  of 
air,  with  regular  moderate  exercise,  should  also  be  recommended. 

'traumatic  IwTi^.—Pitrulent  iritis.— Iritis  may  be  set  up 
by  direct  injury  to  the  iris,  or  by  injury  to  the  contiguous  parts 
of  the  eye,  the  cornea,  lens,  or  ciliary  body.    The  injury  may 
be  an  accidental  one,  or  be  caused  by  some  operation,  such  as 
the  extraction  or  discission  of  a  cataract.    The  seventy  of  the 
inflammation  depends  greatly  upon  whether  or  not  septic  matter 
or  any  foreign  body  has  remained  in  the  eye.    These  almost 
invariably  give  rise  to  a  purulent  inflammation.   The  pus  which 
is  then  excreted  from  the  inflamed  iris  not  only  infiltrates  its 
tissues  collecting  mainly  between  the  endothelial  covering  and 
Lhe  stroma,  but  also  falls  to  the  bottom  of  the  anterior  chamber 
as  hypopyon.    At  the  same  time  some  of  the  vessels  give  way, 
causino-  ha;morrhage  into  the  iris.     Purulent  iritis  may,  too, 
form  only  a  part  of  a  general  suppurative  destruction  of  the 
eye  the  result  either  of  external  local  changes,  or  of  septic 
emboli  in  the  choroid.    Sometimes  a  traumatic  iritis  does  not 
occur  at  all,  or  only  slightly,  at  the  time  of  an  injury,  but  is 
set  up  at  some  subsequent  period  by  changes  which  occur  in 
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the  eye  wliicli  lead  to  persistent  dragging  on,  or  irritation  of, 
the  iris. 

The  treatment  of  traumatic  iritis  will  depend  greatly  upon 
the  nature  of  the  injury  as  well  as  upon  the  severity  of  the 
inflammation.  If  the  lens  has  been  wounded,  or  if  a  foreign 
body  be  lodged  in  the  iris  or  in  the  anterior  or  posterior 
aqueous  chamber,  some  operative  interference  will  usually  be 
called  for.  Where  there  is  no  foreign  body,  but  where  the 
nature  of  the  accident  and  the  presence  of  much  hypopyon 
render  the  septic  character  of  the  inflammation  undoubted,  it 
may  often  be  advisable  to  make  a  small  opening  into  the  an- 
terior chamber  and  wash  out  the  contents  with  a  weak  anti- 
septic. This  proceeding  should  not  be  too  rashly  undertaken, 
as  many  cases  are  best  left  alone. 

Tubercular  Iritis. — This  is  a  rare  form  of  iritis,  which 
may  occur  in  one  or  both  eyes,  and  most  commonly  makes 
its  appearance  before  the  period  of  full  growth.  Horner  found 
the  greatest  frequency  after  the  fifth  year  and  before  puberty. 
The  inflammation  begins  as  '^n  ordinary  serous  or  plastic  iritis 
and  is  often  preceded  by  ill-health  and  loss  of  flesh,  and  accom- 
panied by,  sometimes  very  considerable,  swelling  of  the  sur- 
rounding lymphatic  glands.  Tubercles  in  the  shape  of  small 
yellowish  nodules,  usually  in  considerable  niimbers,  make 
their  appearance,  and  the  iritis  shows  a  tendency  to  become 
chronic.  The  tubercles  may  become  confluent,  or  disappear 
and  be  replaced  from  time  to  time  by  others.  Tubercular 
disease  may  or  may  not  exist  in  other  organs  at  the  same 
time. 

Some  cases  completely  recover,  others  again  lead  to  shrink- 
ing of  the  eye  or  to  perforation  and  protrusion  of  a  tubercular 
mass  externally.  There  is  seldom  any  difficulty  in  the  diagnosis. 
Gummata  of  the  iris,  which  they  somewhat  resemble,  are  more 
vascularised,  and  occur  besides  at  a  different  time  of  life.  The 
worst  cases  are  those  in  which  the  tubercles  become  confluent, 
and  in  such  there  is  not  only  greater  danger  for  the  eye,  but 
the  prognosis  is  unfavourable  with  respect  to  the  life  of  the 
patient  as  well.  These  cases  were  long  known  under  the  name 
of  granuloma  of  the  iris  before  their  true  tubercular  nature 
was  established.  Jacobs  of  Dublin  considered  them  to  be 
tubercular,  and  described  them  as  cases  of  tubercular  iritis, 
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but  it  is  only  comparatively  recently  that  his  views  have  been 
confirmed  by  inoculation  experiments  on  animals.  Horner 
seems  to  have  considered  some,  at  all  events,  of  the  cases  in 
which  the  nodules  in  the  iris  are  multiple,  and  exhibit  little  or 
no  tendency  to  become  confluent— for  which,  too,  the  prognosis 
is  much  more  favourable— cases  of  lymphomatous  iritis.  It 
seems  probable,  however,  that  they  are  all  tubercular.  Tuber- 
cular changes  in  the  iris  are  thus  a  much  earlier  manifestation 
of  the  diathesis  than  tubercle  of  the  choroid. 

In  the  treatment  the  possibility  of  the  disease  in  the  iris 


YiG.  72. — Tubercular  iritis. 

acting  as  a  source  for  self-infection  must  alwaj  s  be  kept  in  view. 
This  "danger  is  apparently  greatest  in  the  cases  of  granuloma 
which  lead  to  perforation,  but  it  is  also  present  hi  the  form 
which  ends  in  phthisis  of  the  globe.  There  can  be  no  doubt, 
therefore,  that  the  proper  treatment  in  the  worst  cases  is 
enucleation.  In  some  cases  an  isolated  tubercular  mass  may 
be  excised  (along  with  the  portion  of  iris  in  which  it  is  situ- 
ated), but  this  treatment  is  only  rarely  successful.  The  iritis 
must  be  treated  on  the  ordinary  lines,  and  the  patient's  strength 
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kept  up  by  nourishing  food,  and  the  exhibition  of  anti-strumous 
remedies. 

Other  varieties  of  iritis  are  described,  such  as  scrofulous 
iritis,  and  those  following  different  fevers.  These  do  not  exhibit 
any  special  features  indicative  of  the  particular  illness  with 
which  they  are  associated.  They  for  the  most  part  assume  the 
serous  variety,  or  they  are  metastatic,  resulting  from  embolism 
of  the  vessels  of  the  iris,  and  are  then  associated  with  a  similar 
inflammation  of  the  choroid. 

Iritis  may  also  come  on  in  connection  with  neuralgia  of  the 
fifth  nerve,  and  appears  especially  prone  to  do  so  where  the 
neuralgia  is  due  to  some  trauma.  The  prognosis  in  these  cases 
is  on  the  whole  bad. 

Cyclitis. 

Inflammation  of  the  ciliary  body,  or  cyclitis,  is  best  con- 
sidered in  this  connection,  as  it  is  so  frequently  associated  with 
iritis.  One  of  the  most  common  symptoms  of  cyclitis,  and  that 
which  is,  from  a  diagnostic  point  of  view,  perhaps  of  the  greatest 
importance,  is  tenderness  to  pressure  over  the  ciliary  region. 
This  tenderness,  which  is  very  different  in  degree  in  different 
cases,  is  often  more  marked  at  certain  spots  than  at  others. 
When  this  is  the  case  there  can  be  little  doubt  that  in- 
flammation of  the  ciliary  body  exists,  unless  the  iritis  be  very 
severe. 

The  character  of  the  exudation  from  the  inflamed  ciliary 
body  may,  as  in  the  case  of  iritis,  be  mainly  serous  or  plastic  or 
purulent,  and  the  symptoms  may  differ  more  or  less  accordingly. 
The  exudation  passes  from  the  two  free  surfaces  of  the  ciliary 
body  into  the  posterior  aqueous  chamber  and  into  the  vitreous 
chamber. 

A  constant  symptom  of  cyclitis  is  therefore  more  or  less 
opacity  of  the  vitreous.  Often  this  can  only  be  inferred  from 
the  defect  of  vision  which  it  produces,  as,  owing  to  the  presence 
of  synechife,  and  the  difficulty  of  obtaining  dilatation  of  the  pupil, 
the  objective  determination  of  the  opacities  may  be  a  matter  of 
difficulty.  The  exudation  from  the  anterior  portion  of  the  ciliary 
body  leads  to  synechias,  precipitations  on  Descemet's  membrane, 
obliteration  of  the  pupil,  and  in  bad  cases  to  an  agglutination 
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between  the  posterior  surface  of  the  iris  and  the  capsule  of  the 
lens.    In  tlie  case  of  purulent  cyclitis  there  is  also  hypopyon. 
That  portion  of  the  exudation  of  plastic  or  purulent  matter 
which  passes  through  the  ciliary  processes  into  the  vitreous 
chamber  may  remain  confined  to  the  immediately  surrounding 
regions,  or  permeate  the  vitreous  more  or  less  extensively,  causmg 
it  to  become  more  fluid.    If  absorption  does  not  rapidly  take 
place,  changes  occur  in  the  exuded  matter  leading  to  the  for- 
mation of  filamentous  or  even  membranous  shreds  of  a  low 
form  of  connective  tissue.    Where  there  has  been  an  excessive 
exudation,  the  subsequent  shrinking  which  takes  place  in  this 
tissue  may  result  in  detachment  of  the  retina,  and  consequent 
complete  loss  of  vision.    In  many  cases,  where  the  exudation 
has  accumulated,  as  there  is  a  tendency  for  it  to  do,  at  the 
anterior  portion  of  the  vitreous,  subsequent  contraction,  taking 
place  during  its  organisation,  leads  to  displacement  of  the  lens. 
Most  frequently  this  displacement  is  forward,  so  that  the  anterior 
chamber  becomes  more  or  less  shallowed;  sometimes,  owing 
to  the  contraction  being  more  in  one  direction  than  in  others, 
some  portion  of  the  lens  is  tilted  forward,  and  the  chamber 
is  shallowed  in  one  direction,  and  deepened  in  the  opposite. 

In  some  old  standing  cases  the  anterior  chamber  is  deepened, 
so  that  a  funnel-shaped  depression  is  observed  to  exist  at  its 
centre.  This  is  produced  by  contraction  in  an  antero-posterior 
du-ection,  which  brings  about  an  approximation  of  the  lens  and 
the  optic  papilla,  to  which  the  organised  exudation  has  formed 
an  adhesion.  In  such  cases  there  is  at  the  same  time  some 
diminution  in  the  intraocular  tension. 

Cyclitis  may  be  set  up  tra.umatically  by  an  injury  from 
without,  or  by  some  alteration  taking  place  within  the  eye.  A 
severe  blow  on  the  eye  may  be  sufficient,  but  more  common  causes 
are  penetrating  wovmds,  and  the  introduction  of  foreign  bodies 
either  into  the  ciliary  body  itself,  or  into  some  of  the  surround- 
ing parts,  as,  for  instance,  the  posterior  aqueous  chamber  or  the 
lens.  In  some  cases,  where  foreign  bodies  have  become  en- 
capsuled,  they  may,  from  some  cause  or  other,  become  suddenly 
dislodged,  and  then  set  up  cyclitis  months  or  years  after  the 
accident  which  drove  them  into  the  eye.  It  may  be  that, 
having  lodged  in  the  lens,  thus  producing  traumatic  cataract, 
the  gradual  disintegration  and  absorption  of  the  lenticular 
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structure  leads  to  an  alteration  iu  the  position  occupied  by  the 
foreign  body.  The  new  position  is  apt  to  be  one  which  causes 
more  irritation  of  the  tissues  of  the  eye  and  cyclitis. 

Traumatic  cataract  alone,  i.e.,  without  the  presence  of  any 
foreign  body,  may  in  various  ways  set  up  cyclitis.  This  may 
happen  if  a  rapid  swelling  takes  place  where  the  lesion  in  the 
capsule  has  been  small,  and  the  swollen  lens  matter  does  not 
readily  make  its  escape  into  the  aqueous  chamber.  Again,  it 
may  happen  if  the  iris,  owing  to  its  having  formed  adhesions  to 
the  wound  in  the  capsule,  is  subjected  to  more  or  less  constant 
dragging.  A  dislocated  lens  is  also  very  apt  to  set  up  cyclitis, 
more  especially  if  it  has  at  the  same  time  undergone  advanced 
degenerative  clianses. 

While  irregular  and  septic  wounds  in  the  ciliary  region 
almost  invariably  lead  to  an  immediate  and  usually  purulent 
cyclitis,  very  little  irritation  may  result  from  clean  and  aseptic 
wounds  in  the  same  situation. 

The  treatment  in  the  case  of  foreign  bodies  lodged  in  the  eye 
is  discussed  in  Chapter  IX.  Wounds  of  the  ciliary  region 
should  be  carefully  washed  with  some  antiseptic  lotion,  and 
any  separation  of  the  lips  as  much  as  possible  prevented  by 
cutting  off  or  replacing  the  intervening  structures.  Swollen 
lens  matter,  when  causing  irritation,  must  be  removed  in 
the  manner  described  in  the  chapter  on  Operations.  A  dis- 
located lens  must  be  extracted,  and  where  any  dragging  on 
the  iris  has  set  up  irritation,  or  appears  likely  to  do  so,  it  will 
be  necessary  to  perform  iridectomy  in  such  a  jDosition  as  to  free 
if  possible  the  portion  dragged  on. 

When  cyclitis  is  once  set  up,  the  treatment  should  consist 
in  keeping  the  pupil  dilated  with  atropine,  in  applying  hot 
fomentations  to  the  eyes,  and  in  leeching  over  the  temples. 
The  eyes  should  be  shaded,  and  the  patient  not  allowed  to  read, 
or  use  them  for  any  work  near  at  hand.  In  purulent  cases  it 
is  well  to  apply  a  pretty  tight  bandage  over  the  affected  eye, 
as  this  seems  to  aid  in  checking  the  tendency  to  panophthal- 
mitis— that  is,  to  an  extension  of  the  purulent  inflammation  to 
the  choroid. 

Tumours  of  the  Iris.— Both  simple  and  malignant  tumours 
are  met  with  in  the  iris.  They  are  rare,  and  not  of  particular 
mterest.    Two  kinds  of  cyst  occur — the  cpidevmoid  and  the 
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serous.    The  former  only  appears  to  come  after  there  has  been 
some  penetrating  wound  of  the  cornea,  and  the  latter  is  usually 
also  of  traumatic  origin.    In  fourteen  cases  of  cysts  of  the  ins 
observed  by  Snell,  ten  had  been  preceded  by  trauma.  Hulke 
again  found  out  of  nineteen  fifteen  in  which  there  had  been  some 
injury,  and  Eothmund  was  able  to  trace  a  traumatic  origin 
thirty-one  times  out  of  thirty-seven  collected  cases.    The  pro- 
portion of  traumatic  cases  is  therefore  from  these  statistics 
about  four  in  five,  and  may  in  reality  not  improbably  be  greater. 
At  the  time  of  tlie  accident  some  small  portion  of  skin  or  corneal 
epithelium,  or  a  piece  of  an  eyelash,  is  driven  into  the  anterior 
chamber,  and  there  proliferates,  assuming  usually  a  cystoid  type 
of  growth.     Experiments  conducted  by  Hosch  have  shown  that 
the'se  cysts  are  most  likely  to  grow  when  along  with  the  epi- 
dermis  some  glandular   tissue  is  transplanted  to  the  eye. 
According  to  Eothmund,  who  first  proposed  the  division  into 
epidermoid  and  serous  cysts,  the  time  elapsing  between  the 
accident  and  the  formation  of  an  epidermoid  cyst  is  at  least 
two  months,  and  may  amount  to  several  years.  The  serous  cyst 
seems  mostly  to  extend  from  the  margin  of   the  anterior 
chamber.    It  is,  in  fact,  a  kind  of  cystoid  degeneration  of  the 
iris,  leading  to  the  formation  of  a  diverticulum  at  the  angle  of  the 
chamber.    The  prognosis  is  bad  in  both  these  forms  of  cyst, 
as  they  are  apt  to  go  on  growing,  and  eventually  lead  to 
destruction  of  the  eye. 

The  treatment  consists  in  excising  them  as  soon  as  possible, 
along  with  the  portion  of  iris  to  which  they  are  attached.  Care 
should  be  taken  not  to  rupture  the  cyst  wall  during  removal. 

Like  other  parts  of  the  eye,  the  anterior  chamber  may  be 
visited  by  a  cysticercus.  In  the  cases  which  have  been  observed, 
and  which  have  occurred  almost  exclusively  in  Germany,  the  sur- 
rounding cyst  has  sometimes  been  clear,  at  other  times  purulent. 

Sarcoma  of  the  Iris  is  usually  an  extension  from  the  ciliary 
body,  which  is  a  common  site  for  malignant  tumours  within  the 
eye.  It  may  be  pigmented  (melanotic)  or  not.  Only  m  the 
latter  case  is  there  any  possibility  of  mistaking  it  for  a  gum- 
matous or  tubercular  mass.  Primary  sarcoma  of  the  ins  does, 
however,  occur.  Cases  have  been  successfully  operated  on  by 
Little  and  others,  by  removal  of  the  iris  in  which  the  tumour 
grew.  Their  early  diagnosis  is  tlierefore  a  matter  of  importance. 
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Prolifercation  of  the  pigmentary  tissue  of  the  iris,  or  melanomata 
of  the  iris,  are  met  with  as  dark  pigment  spots  or  small  growths. 
They  usually  remain  stationary,  and  do  not  interfere  with  vision, 
but  in  some  cases  they  appear  to  have  been  the  starting-points 
of  sarcomatous  growths. 

Lipomata,  Angiomata,  and  other  varieties  of  tumours,  are 
only  of  the  utmost  rarity.  I  have  met  with  one  case  of  ntevus, 
not  only  of  the  iris,  but  of  a  persistent  pupillary  membrane  at 
the  same  time. 

Alterations  in  the  Iris  produced  by  Injury. — Lacerations 
of  the  iris  may  be  produced  by  penetrating  wounds.  When  the 
history  of  the  accident  points  to  the  impaction  of  a  small  body, 
the  appearance  of  the  laceration  of  the  iris  is  strongly  suggestive 
of  its  presence  somewhere  in  the  eye.  Sometimes  the  laceration 
has  taken  place  at  the  pupillary  margin, — more  frequently, 
however,  it  is  elsewhere ;  and  the  more  peripheral  it  is,  the  more 
importance  does  it  acquire  from  a  diagnostic  point  of  view,  when 
the  question  arises  as  to  whether  or  not  a  foreign  body  is  lodged 
in  the  eye.  With  the  more  central  wounds  there  may  usually 
be  made  out  the  corresponding  wound  in  the  lens,  while  in  the 
case  of  peripheral  wounds  of  the  iris,  a  trauma  of  the  lens  is 
neither  of  so  frequent  occurrence,  nor  so  easy  of  observation 
when  it  has  occurred.  The  laceration  may  cause  bleeding, 
which  is  usually  slight,  and  the  hyphaema,  or  collection  of  blood 
in  the  anterior  chamber,  to  which  this  gives  rise,  is  as  a  rule 
rapidly  absorbed.  Synechia;  almost  always  occur  in  cases  where 
the  wound  is  situated  not  far  from  the  pupil,  unless  the  pupil 
has  been  well  dilated  soon  after  the  accident. 

A  simple  wound  of  the  iris  is  not  likely  to  cause  iritis,  but 
when,  as  so  often  happens,  the  lens  is  wounded  at  the  same  time, 
or  a  foreign  body  is  lodged  in  the  eye,  the  chances  of  inflammation 
being  set  up  in  the  iris  are  very  great.  The  treatment,  too,  will 
vary  according  to  the  severity  of  the  accident.  When  the  iris 
alone  is  injured,  a  few  days'  dilatation  of  the  pupil  with  a 
mydriatic  and  rest  to  the  eyes  is  all  that  is  usually  required. 
Complications  must  be  treated  as  they  arise,  after  the  manner 
explained  in  connection  with  traumatic  iritis  and  cataract,  and 
in  the  chapter  on  foreign  bodies  in  the  eye. 

Various  injuries  to  the  iris  are  produced  by  blows  on  the  eye ; 
the  simplest  of  these,  though  not  the  most  frequent,  is  a  rupture 
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of  the  sphincter  muscle.  This  accident  is  in  niy  experience  not 
so  rare  as  the  paucity  of  literature  on  the  subject  might  lead  one 
to  suppose.  Of  itself  it  is  of  little  importance,  but  it  may  be 
associated  with  other  changes  liable  to  be  produced  by  con- 
tusions. Sometimes  a  rupture  takes  place  in  the  direction  of 
the  radial  fibres  of  the  iris,  but  without  involving  the  sphincter. 
This,  too,  may  occur  spontaneously  in  cases  where  the  iris  is 
atrophic,  and  dragged  on  in  some  particular  direction. 

A  more  common  accident,  produced  by  severe  contusions, 
and  often  associated  with  rupture  of  the  choroid,  is  a  separation 
of  more  or  less  of  the  iris  from  its  peripheral  or  ciliary  attach- 
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Fig.  73. — Irido-dialysis  and  cataract. 


ment.  This  accident  (see  Tig.  73),  to  which  the  name  of 
irido-dialysis  is  given,  is  always  accompanied  at  the  tune  by 
hyphcTma.  If  other  parts  of  the  eye  are  uninjured,  it  may  occa- 
sion monocular  diplopia,  if  the  eye,  from  an  error  of  refraction 
or  owing  to  the  state  of  accommodation,  is  not  focussed  for  the 
object  looked  at.  Some  dazzling  is  also  produced,  owing  to  the 
irregular  refraction  through  the  peripheral  portions  of  the 
dioptric  media  of  the  eye.  The  separation  causes  a  flattenmg 
of  the  corresponding  portion  of  the  pupil. 

All  degrees  of  irido-dialysis  are  met  with.  When  very  slight, 
it  can  only  be  easily  diagnosed  by  throwing  light  into  the  eye 
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with  the  ophthahnoscope,  when  the  red  reflection  from  the 
fundus  can  be  seen  at  the  periphery  of  the  iris,  as  well  as 
through  the  pupil.  A  . spontaneous  re-attachnient  of  the  iris  to 
the  ciliary  body  probably  never  occurs.  A  case  is  recorded 
from  the  Dublin  Eye  Hospital,  in  which,  under  atropine,  and  a 
bandage  applied  very  shortly  after  the  accident,  complete  cure 
took  place.  This  fortunate  result  is,  however,  so  rare,  that  it 
could  hardly  be  expected  to  occur  in  any  particular  case.  Occa- 
sionally, in  performing  iridectomy,  if  the  iris  be  too  forcibly 
drawn  upon  by  the  forceps,  a  separation  occurs  at  its  periphery. 

Another  and  very  curious  result  of  blows  on  the  eye  is  the 
complete  or  partial  retroversion  of  the  iris.  This  gives  rise  to  the 
appearance  of  a  complete  absence  of  any  iris  at  the  position  of  the 
lesion.  When  partial,  it  is  usually  possible  to  see  the  folding  of 
the  iris,  where  the  inverted  portion  joins  on  either  side  the  por- 
tions which  remain  in  situ.  The  existence  of  the  folded  back 
portion  can  also  be  inferred  from  the  fact  that  the  ciliary  pro- 
cesses are  not  visible  with  the  ophthalmoscope,  notwithstand- 
ing that  no  iris  intervenes  between  the  cornea  and  the  margin 
of  the  lens. 

Temporary  or  permanent  dilatation  of  the  pupil  may  also 
result  from  a  blow  on  the  eye.    Often  the  dilatation  is  irregular. 

Where  the  lens  is  dislocated  or  absent,  and  thus  the  natural 
support  which  the  iris  gets  by  its  apposition  to  the  capsule  in 
the  normal  state  is  interfered  with,  or  altogether  lost,  the  iris  is 
observed  to  shake  with  the  movements  of  the  eye.  This  tremu- 
lous condition  of  the  eye  is  called  irido-donesis.  It  should  direct 
attention  to  the  lens,  an  abnormality  in  which  is  the  most 
common  cause,  though  sometimes  a  not  inconsiderable  degree  of 
shaking  may  occur  in  cases  where,  from  some  cause  or  other,  the 
posterior  aqueous  chamber  is  unusually  deep. 

In  old  cases  of  iritis,  especially  if  complicated  by  any  condi- 
tion which  gives  rise  to  constant  dragging  on  the  iris,  atrophy 
of  the  iris  takes  place.  The  tissues  may  be  so  thin  as  to  admit 
of  more  or  less  light  passing  through  from  the  fundus  on 
ophthalmoscopic  examination ;  often  there  are  actual  rents  here 
and  there.  Atrophy  of  the  iris  is  common  in  the  last  or  de- 
generative stages  of  glaucoma. 

Congenital  Anomalies  of  the  Iris. — Colohoma  of  the  Iris. — 
(see  Fig.  74) — is  a  congenital  defect,  which  is  due  to  non- 
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closure  of  the  fojtal  fissure.  It  may  or  may  not  be  associated 
with  a  similar  congenital  defect  in  the  choroid.  The  colo- 
boma  may  be  of  all  sizes,  up  to  one-fourth  of  the  whole  iris. 
It  always  occurs  downwards,  or  downwards  and  inwards,  and 
generally,  though  often  not  to  the  same  extent,  in  both  eyes. 
It  may  occur  in  several  members  of  the  same  family,  but  there 
does  not  appear  to  be  the  same  tendency  to  this  as  in  many 
other  congenital  defects.  The  coloboma  may  be  either  total  or 
partial— that  is  to  say,  it  may  extend  right  up  to  the  ciliary 
body,  or  close  before  reaching  so  far  back.  In  some  rare  in- 
stances closure  has  been  found  to  have  taken  place  at  an  inter- 
mediate point,  so  that  the  coloboma  is  bridged. 

Closely  allied  often  to  coloboma  of  the  iris  is  the  condition 


Tig.  74.— Congenital  coloboma  of  the  iris  (downwards  and  inwards). 

known  as  corredopia,  or  eccentric  displacement  of  the  pupil. 
Owing  to  faulty  development  of  the  muscles  of  some  portion  of 
the  iris  and  ciliary  body,  the  pupil  becomes  drawn  up,  from 
the  preponderance'^  of  action  of  the  more  complete  portions. 
Some  limes  the  muscular  defect  is  due  to  other  causes  than 
coloboma,  and  may  then  be  either  congenital  or  accidental. 

Aniridia. — Not  so  common  as  coloboma,  but  still  not  of  very 
rare  occurrence,  is  a  congenital  absence  of  the  aniridia,  or 
irideremia,  as  it  is  called.  This  condition  is  most  connnonly  met 
with  in  several  members  of  the  same  family,  and  is  inherited. 
It  almost  invariably  occurs  in  both  eyes  at  the  same  time.  The 
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nature  of  the  arrest  in  development,  which  gives  rise  to  aniridia, 
is  apparently  not  understood.  The  appearance  which  the  total 
absence  of  the  irides  gives  to  the  eyes  is  peculiar,  and  not 
altogether  like  that  which  most  resembles  it,  viz.,  maximal 
dilatation  of  the  pupils.  In  all  cases  which  have  come  under 
my  own  observation  there  has  been  at  the  same  time  a  ring  of 
pigmentation  in,  or  immediately  behind,  the  peripheral  portion 
of  the  cornea.  In  many  cases  there  is  some  defect  in  the  lenti- 
cular system, — either  congenital  displacement  of  the  lens,  due 
to  some  faulty  development  of  the  suspensory  ligament,  or 
more  or  less  opacity  of  the  lens,  usually  stationary.  Myopia, 
or  defective  accommodation  are  frequent  concomitants,  and 
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Fig.  75.— Congenital  coloboma  of  the  iris  (do\vnwards). 

there  is  usually  as  well  more  or  less  defect  of  sight.  Patients 
with  this  defect  are  bothered  by  dazzling,  and  acquire  the  habit 
of  screwing  up  their  eyes.  There  is  often  at  the  same  time 
photophobia,  and,  in  the  cases  where  the  associated  defects  are 
most  marked,  nystagmus. 

Albinism. — The  general  absence  or  defective  development  of 
pigment  throughout  the  body,  which  characterises  the  albino, 
gives  to  the  iris  a  very  peculiar  appearance.  It  has  usually  a 
pinkish  or  faint  lavender  colour,  and  the  details  of  its  structure 
are  more  evident  than  in  an  iris  in  which  there  is  a  normal 
amount  of  pigment  present.  When  the  eye  is  examined  with 
the  ophthalmoscope,  a  considerable  amount  of  light,  reflected 
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from  the  fundus,  is  found  to  pass  through  the  iris,  and  it  is  this 
translucency,  as  well  no  doubt  as  the  associated  absence  of  pig- 
ment in  the  choroid,  which  gives  rise  to  the  dazzlmg  from  which 
albinos  suffer,  and  which  causes  them  constantly  to  screw  up 
their  eyes  The  vision  is  more  or  less  imperfect,  and  there  is 
some  degree  of  nystagmus  in  all  cases.  Some  cases  are  met 
with  where  the  pigment  is  not  altogether  absent.  In  these  there 
seems  as  a  rule  to  have  been  a  gradual  development  of  pigment 
since  birth,  with  a  corresponding  improvement  of  vision.  Albin- 
ism is  sometimes  met  with  in  several  members  of  the  same 

^"""^Little  can,  as  a  rule,  be  done  to  improve  the  sight.  Some 
find  comfort,  without  any  visual  improvement,  by  the  use  of 
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Fig.  76.— Double  coloboma  of  the  iris  with  correctopia  (right  eye). 

darkened  glasses.  Stenopaic  apertures  are  only  useful  in  cases 
where  the  nystagmus  is  slight.  Any  operative  treatment, 
such  as  tatooing  or  creating  a  nebula  in  the  cornea,  is  hardly 

justifiable.  . 

The  iris  of  the  new-born  infant  is  grey  or  blue  m  colour 
and  either  remains  so,  or  gradually  accumulates  pigment,  so  as 
eventually  to  become  more  or  less  brown.  These  changes  take 
place  as  a  rule  very  early  in  Hfe,  but  are  sometimes  deferred  till 
the  third  or  fourth  year,  or  even  later. 

The  influence  of  heredity  on  the  colour  of  the  eyes  is  very 
marked,  and  there  seems  no  greater  tendency  to  inherit  from 
either  parent.    It  has  been  found,  for  instance,  that  of  the 


CONGENITAL  ANOMALIES  OF  THE  IRIS.  273 


offspring  of  parents  with  differently  coloured  irides — that  is, 
the  irides  of  the  one  parent  dark  and  of  the  other  Hght — 
fifty  per  cent,  have  dark,  and  fifty  per  cent,  have  light  irides ; 
while  when  both  parents  have  light  or  dark  irides,  ninety-six  per 
cent,  of  the  offspring  present  the  same  colour  as  the  parents,  and 
only  four  per  cent.  not.  Of  these  four  per  cent.,  most  have  both 
eyes  the  same,  inheriting  probably  from  some  remote  ancestor ; 
while  a  few  present  the  appearance  known  as  heterochromia, 
where  the  one  iris  is  brown  and  the  other  blue 

Another  form  of  heterochromia  is  met  with, — that  in  which 
part  of  the  iris  is  of  one  colour  and  part  of  another.  This,  as 
in  the  more  normal  cases  of  iris-coloration  is  usually  developed 
very  early  in  infantile  life,  but  may  also  make  its  appearance  in 
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Fig.  77.- — Heterochromia  iridia. 

late  childhood.  Fig.  77  represents  a  case  in  which  the  condition 
was  tolerably  symmetrical  on  the  two  sides. 

In  normal  eyes  the  pupillary  membrane,  which,  during  the 
greater  part  of  intra-uterine  life,  stretches  across  the  pupil, 
only  remains  persistent  in  that  part  which  covers  the  iris,  whose 
endothelial  layer  it  becomes.  It  is  not  a  very  uncommon  thing 
to  find,  however,  small  portions  of  the  membrane  stretching 
across  the  pupil  in  the  shape  of  one  or  more  fine  threads.  To 
this  condition  the  term  persistent  pupillary  mevibranc  is  applied. 
Occasionally  a  considerable  portion  of  the  membrane  persists, 
and  is  adherent  to  the  capsule  of  the  lens,  usually  at  the  same 
time  having  filamentous  attachments  to  the  iris.  This  meni- 
18 
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branous  form  produces  considerable  defect  of  vision,  while  the 
more  common  filamentous  form  is  of  no  importance  whatever  m 
this  respect.     Without  careful  examination  the  fine  threads 
mio-ht  easily  be  taken  for  fibrinous  remains  of  an  old  mtis  but 
they  can  be  distinguished  from  these  by  observmg  that  they 
sprincr  from  some  portion  of  the  anterior  surface  of  the  ins, 
usually  by  two  or  more  fibrous  roots,  while  an  iritic  exudation 
comes  from  the  lower  surface  of  the  iris,  or  at  most  adheres 
to  the  pupillary  margin.    Only  the  rare  membranous  form  calls 
for  any  operative  interference.    I  have  seen  several  cases  m 
which  discission  of  the  lens  was  necessary,  on  account  of  the 
amount  of  amblyopia  which  the  condition  occasioned.  _ 
Foreign  Bodies  in  the  iris  are  rare,  as  the  force  which 
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Pig.  78.-Capsulo-pupiUary  membrane  with  white  spots  on  capsule. 

impels  them  so  far  is  usually  sufficient  to  carry  them  into  the 
posterior  aqueous  chamber,  lens,  or  vitreous.  Their  chagnoBXS 
and  treatment  is  considered  in  Chapter  IX. 

Anterior  Chamber. 

Individual  differences  exist  in  healthy  eyes  in  the  depth 
and  shape  of  the  anterior  chamber.  Changes  are  also  con- 
tinually taldng  place  in  health,  according  to  the  state  of 
accommodation.  When  the  eye  is  accommodated  for  near 
objects,  the  middle  of  the  chamber  is  shallower,  and  the 
periphery  deeper,  than  in  the  case  of  accommodation  for  dis- 
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tance.  This  is  owing  to  the  increased  thickness  of  the  lens, 
which  mainly  arises  from  the  greater  curvature  of  its  anterior 
surface,  and  to  the  retraction  of  the  periphery  of  the  iris,  by  the 
contracted  ciliary  muscle,  of  the  accommodated  eye.  In  very 
young  infants  and  very  old  people  the  chamber  is  shallower 
tlian  at  other  periods  of  life.  In  the  former  case  this  is  owing 
to  the  globular  shape  of  the  lens  and  the  imperfect  development 
of  the  eye  altogether ;  in  the  latter,  to  increase  in  the  size,  and 
possibly  also  to  advancement,  of  the  whole  lens. 

The  anterior  chamber  is  pathologically  increased  in  depth  in 
two  ways ;  by  an  alteration  in  the  normal  position  of  the  lens, 
and  by  a  change  in  the  normal  curvature  of  the  cornea.  Thus 
we  often  find  a  deep  chamber  when  the  lens  is  absent  or  dis- 
located, and  also  when  a  hypersecretion,  as  in  the  case  of  serous 
iritis,  causes  it  to  be  pushed  backwards ;  or,  again,  in  old- 
standing  cases  of  irido-choroiditis  or  cyclitis,  when  a  retraction 
takes  place,  owing  to  the  shortening  of  organised  exudation  in 
the  vitreous  chamber.  It  is  abnormally  deep,  too,  in  cases  of 
conical  cornea,  cornea  globosa,  and  staphyloma  of  the  cornea. 

Diminution  in  depth  of  the  anterior  chamber  results  from 
causes  which  lead  to  advancement  of  the  iris  or  lens,  or  flatten- 
ing of  the  cornea.  Exclusion  and  occlusion  of  the  pupil  give 
rise  to  an  accumulation  of  aqueous  humour  behind  the  iris,  which 
is  consequently  pushed  forward,  and  the  chamber  in  that  way 
shallowed.  Shallowing  of  the  chamber  is  also  met  with  in 
glaucoma,  and  in  the  second  stage  of  intraocular  tumours.  In 
old  cases  of  irido-cyclitis,  too,  and  in  some  cases  of  detached 
retina,  the  aiiterior  chamber  is  shallowed,  owing  to  atrophy  of 
the  vessels  of  the  iris  and  ciliary  body,  and  a  consequent  diminu- 
tion in  the  secretion  of  aqueous  humour. 

Alteration  of  the  slicfpe,  of  the  chamber,  retraction  of  the 
periphery,  and  advancement  of  the  pupillary  portion  of  the  iris, 
is  met  with,  and  is  an  important  point  in  the  diagnosis  of 
metastatic  choroiditis  in  children,  or  what  has  been  called  j9se?«rfo- 
glioma. 

The  contents  of  the  chamber,  too,  are  subject  to  pathological 
alterations.  Thus  the  normal  clearness  of  the  aqueous  is  dis- 
turbed in  many  cases  of  iritis  and  in  glaucoma,  and  dislocation 
of  the  lens  may  take  place  into  the  chamber.  Along  with 
septic  inflammation  of  the  cornea,  or  purulent  iritis,  or  cyclitis, 
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pus  may  .  collect  in  the  chamber  (hypopyon).  Injuries  to  the 
vessels  of  the  ciliary  body,  or  iris,  may  lead  to  a  collection  of 
blood  taking  place  in  the  chamber  (hypheema).  This  condition 
of  hyphema  may  occur  spontaneously  after  cataract  extraction, 
in  irido-cyclitis,  in  haemorrhagic  glaucoma,  or  intraocular  tumour. 
It  has  also  been  met  with  rarely  as  a  kind  of  vicarious  men- 
struation, or  as  a  manifestation  of  the  hemorrhagic  diathesis. 
Finally,  foreign  bodies  may  lie  in  the  anterior  chamber,  and 
may  or  may  not  be  surrounded  by  purulent  exudation,  accord- 
ing to  their  nature  and  the  time  they  have  been  in  the  eye. 


CHAPTER  VIII. 
DISEASES  OF  THE  CHOEOID  AND  VITREOUS. 

The  Choroid. — A  certain  portion  of  the  choroid,  viz.,  that 
which  lies  anterior  to  the  equator  of  the  eye,  is  altogether  hidden 
from  view.  Pathological  changes  affecting  this  portion  can  there- 
fore only  be  inferred  from  the  symptoms  to  which  they  give 
rise.  The  rest  of  the  choroid  is  also  more  or  less  concealed  by 
the  pigment  contained  in  the  hexagonal  cells  of  the  retina. 
"Wlien  this  pigment  is  scanty,  the  larger  vessels  of  the  choroid, 
as  well  as  the  intervascular  spaces,  are  visible  on  account  of  the 
transparency  of  the  rest  of  the  retina.  The  appearance  pre- 
sented by  a  normal  choroid  on  ophthalmoscopic  examination  is 
described  in  Chapter  I. 

The  blood  supply  to  the  choroid  is  mainly  through  the  short 
posterior  ciliary  arteries,  of  which  there  are  about  twenty. 
These  vessels  enter  in  the  vicinity  of  the  optic  nerve,  at  the 
back  of  the  eye,  and  do  not  anastomose  to  any  extent  with  each 
other.  They  form,  however,  pretty  free  anastomoses  with  the 
recurrent  branches  of  the  long  anterior  and  posterior  ciliary 
arteries.  A  considerable  portion  of  the  anterior  part  of  the 
choroid  is  therefore  supplied  by  these  long  arteries,  and  either 
by  branches  from  the  trunks  themselves,  or  from  the  arterial 
rings  which  they  form  in  the  ciliary  body. 

The  blood  returns  through  veins,  the  arrangement  of  which 
is  very  different  from  that  of  the  arteries.  The  vente  vorticosse, 
from  four  to  six  trunks,  collect  all  the  blood  from  the  choroid, 
as  well  as  much  which  has  supplied  the  anterior  portions  of 
the  eye.  The  numerous  choroidal  veins  mainly  join  these 
trunks,  which  pass  out  of  the  eye  near  its  equator.  Some  open 
into  anastomoses,  which  are  formed  here  and  there  between  the 
contiguous  vortex  veins  behind  the  equator  of  the  eye. 

The  choroid  is  only  firmly  adherent  to  the  sclera  behind 
at  the  entrance  to  the  optic  nerve,  and  anteriorly  through  the 
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ciliary  body.  The  attachment  to  the  sclera  in  other  situations 
is  merely  through  the  vessels  which  penetrate  that  membrane 
to  reach  the  choroid.  The  pigment  layer  of  the  retina  adheres 
closely  to  the  choroid,  so  that  when  the  retina  becomes  detached 
it  leaves  this  layer  behind. 

Four  distinct  layers  are  recognised  in  the  choroid  proper. 
These  are,  from  the  hexagonal  retinal  pigment  backwards — (1.) 
the  vitreous  membrane,  or  lamina  vitrea ;  (2.)  the  layer  of  small 
vessels  and  capillaries — the  chorio-capillaris ;  (3.)  the  layer  of 
large  vessels;  and  (4.)  the  membrana  suprachoroidea.  All  these 
parts  are  held  together  by  a  stroma  containing  pigmented 
and  unpigmented  cells  of  different  shapes.  Some  of  the 
cells  are  unstriped  muscular  fibres,  the  function  of  which  is 
not  known. 

The  nerve  supply  of  the  choroid  is  through  the  ciliary  nerves, 
which  are  branches  of  the  third  and  fifth  cranial  nerves,  and  of 
the  sympathetic.  The  direct  or  long  nerves,  two  or  three  in 
number,  are  branches  of  the  naso-ciliary.  The  short  pass  from 
the  ciliary  ganglion.  Both  long  and  short  nerves  pierce  the 
sclera  not  far  from  the  entrance  of  the  optic  nerve. 

Choroiditis. — As  the  extent  to  which  the  normal  choroid  is 
Adsible  with  the  ophthalmoscope  depends  on  the  condition  of  the 
hexagonal  pigment  cells,  so  also  does  the  visibility  of  patholo- 
gical changes  in  the  choroid.  Considerable  alterations  may  have 
taken  place  where  there  is  yet  nothing  to  be  seen  with  the 
ophthalmoscope ;  indeed,  in  some  instances,  it  is  only  when  the 
pathological  process  in  the  choroid  involves  the  retinal  pigment 
cells  that  ophthalmoscopic  changes  are  observed.  Strictly 
speaking,  then,  in  the  case  of  inflammations  of  the  choroid, 
characteristic  ophthalmoscopic  appearances  are  only  seen  when 
the  retina  is  inflamed  as  well, — that  is,  when  the  condition  is  one 
not  only  of  choroiditis  but  of  choroido-retinitis.  From  a  clinical 
point  of  view,  however,  an  inflammation,  beginning  in  the  choroid, 
though  afterwards  spreading  to  the  outer  portions  of  the  retina, 
is  a  choroiditis.  Such  inflammations  have  altogether  a  different 
origin  from  cases  of  true  retinitis,  or  inflammation  of  the  nerve 
elements,  or  of  the  connective  tissue  of  the  retina. 

Inflammation  in  the  choroid  may  be  serous,  plastic,  or  puru- 
lent. Choroiditis,  besides  causing  retinal  changes,  may  give 
rise  to  more  or  less  marked  changes  in  the  transparency  and 
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consistency  of  the  vitreous.  In  two  distinct  clinical  forms,  too, 
the  sclera  is  at  the  same  time  weakened,  so  that  alterations  m 
the  shape  of  the  eye  take  place,  leading  to  more  or  less  disastrous 
consequences. 

There  is  a  great  tendency  to  a  patchy  arrangement  in  choroidal 
inflammation,  or  to  what  is  called  disseminated  choroiditis,  but 
in  some  cases,  and  more  especially  in  the  serous  and  purulent 
varieties,  tlie  inflammatory  changes  are  diffused  over  the  whole 
membrane. 

It  is  difficult  to  arrive  at  any  very  satisfactory  classification 
of  cases  of  choroiditis,  for  the  reason  that  it  does  not  seem 
possible  to  tell  with  any  degree  of  certainty  to  what  pathological 
changes  particular  objective  appearances,  as  revealed  by  the 
ophthalmoscope,  are  due.  In  fact  it  is  certain  that  much  the 
same  appearances  may  be  presented  by  very  different  processes. 
While  an  anatomical  classification  may  be  interesting  from  the 
point  of  view  of  scientific  pathology,  it  is  of  little  use  in  the 
practical  or  clinical  sense.  The  following  clinical  types  are,  I 
think,  sufBciently  distinctive  to  justify  their  being  separately 
considered :—(!.)  Disseminated  choroiditis,  atrophic  and  exuda- 
tive ;  (2.)  Senile  central  choroiditis  ;  (3.)  Syphilitic  choroiditis ; 
(4.)  Sclero-choroiditis,  anterior  and  posterior ;  and  (5.)  Purulent 
choroiditis  (traumatic,  embolic,  and  metastatic). 

Disseminated  Choroiditis. — The  ophthalmoscopic  appearances 
met  with  in  disseminated  choroiditis  are  due  to  localised  exuda- 
tions into  the  choroid,  alterations  in  the  retinal  pigment,  and 
eventually  also  to  atrophy  of  the  choroidal  stroma.    The  patches 
of  exudation  and  degeneration,  which  sooner  or  later  become 
visible,  vary  greatly  in  shape  and  size.    Their  average  size  may 
be  perhaps  roughly  taken  as  about  one-quarter  of  the  disc  in 
diameter.    They  are  often  approximately  circular,  but  they  may 
be  of  any  other  form,'  not  unfrequently  crescentic,  or  dumb-bell- 
shaped.    By  their  confluence  they  assume  all  kinds  of  irregular 
forms.    They  differ  in  appearance  according  to  the  stage  arrived 
at  by  the  inflammation.    Different  foci  of  inflammation  may 
exhibit  different  stages  at  the  same  time.    In  the  beginning  the 
spots  are  yellowish,  or  reddish  yellow,  and  show  little  or  no 
trace  of  choroidal  vessels.    Their  margins  are  not  very  sharply 
defined,  and  there  is  occasionally  some  degree  of  prominence 
evident.  These  appearances  correspond  to  the  stage  of  hypertiemia 
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and  exudation.  Old-standing  patches,  which  have  reached  what 
may  be  called  the  degenerative  stage,  are  white,  with  traces  of 
the  remains  of  choroidal  vessels,  and  they  are  not  prominent ; 
their  margins  are  sharply  defined,  even  punched-out  looking, 
and  often  bordered  with  pigment.  The  white  appearance  of  the 
patches  is  due  not  only  to  the  cicatricial  changes  which  take 
place  in  the  exudation,  but  to  more  or  less  reflection  as  well 
from  the  sclera,  which  is  less  obscured  than  when  covered  by 
normal  choroid.    As  the  transition  from  one  stage  to  another 
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!FiG.  79. — Disseminated  choroiditis. 

takes  place,  the  change  to  white  is  seen  first  to  occur  in  the 
centre  of  the  patches. 

"While  the  characters  just  described  enable  one  to  distinguish 
the  evident  exudative  from  the  evident  degenerative  stages, 
there  are  many  cases  where  the  diagnosis  of  the  stage  is  by  no 
means  easy,  and  may  be  impossible.  This  is  the  case  mainly 
where  the  principal  changes  seem  to  be  limited  to  the  pigment 
layer  of  the  retina.  The  choroidal  structure  is  then  well  seen 
in  the  area  of  the  patches,  and  the  main  difference  caused  by 
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time,  is  in  the  amount  and  arrangement  of  the  pigment  masses 
bordering  them. 

Various  diffei'ent  processes,  all  of  which  are  hardly,  strictly 
speaking,  inflammatory,  may  give  rise  to  similar  choroidal  patches. 
There  may  be  localised  absorptions  and  proliferations  in  the  pig- 
ment layer  alone ;  proliferation  leading  to  localised  excrescences 
on  the  lamina  vitrea,  and  associated  with"  similar  pigmentary 
changes ;  localised  patches  of  atrophy  in  the  chorio-capillaris,  or 
of  exudation  in  the  stroma  of  the  choroid.    In  a  not  uncommon 


Fig.  80. — Disseminated  choroiditis  (recent). 

variety  of  disseminated  choroiditis,  which  variety  seems  usually 
to  be  a  manifestation  of  hereditary  syphilis,  the  patches  are  small, 
circular,  and  bordered  by  dense  crescentic  masses  of  pigment.  In 
some  cases  of  choroiditis  the  pigmentary  changes  are  not  limited 
to  the  region  of  the  patches  in  the  choroid,  but  are  met  with  in 
the  shape  of  irregular  spots  in  the  more  superficial  parts  of  the 
retina.  Choroidal  patches  may  form  first  in  the  region  of  the 
equator  of  the  eye,  and  gradually  invade  more  and  more  of  the 
choroid,  spreading  towards  its  central  portion,  as  well  as  anteriorly; 
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or  they  may  be  confined  to  the  region  of  the  papilla  and  macula, 
a  form  of  disseminatied  choroiditis  which  is  not  uncommon,  and 
to  which  Forster  has  given  the  name  of  areolar  choroiditis. 

It  is  hardly  possible  to  say  from  the  ophthalmoscopic 
appearances  in  any  case  of  disseminated  choroiditis  to  what 
extent  the  vision  has  been  reduced.  In  many  cases  the  most 
extensive  ophthalmoscopic  changes  are  met  with  where  the 
visual  acuity  is  found  on  examination  to  be  hardly,  if  at  all, 
subnormal.  Often,  however,  in  such  cases,  where  the  vision  is 
found  to  be  so  good,  there  is  some  degree  of  night-blindness,  and 
almost  always  the  patient  complains  of  a  cloudiness  in  front  of 
his  eyes.  The  subjective  symptoms  are  altogether  more  marked 
in  the  exudative  than  in  the  atrophic  forms  of  the  inflammation, 
the  occurrence  of  fresh  patches  of  exudation  being  accompanied 
by  subjective  sensations  of  light  and  colour,  as  well  as  by  posi- 
tive scotomata.  The  decree  of  visual  disturbance  and  other 
subjective  symptoms  seems  to  depend  in  great  measure  on  the 
site  occupied  by  the  patches  of  inflammation.  Patches  at  or 
near  the  macula  necessarily  cause  much  greater  interference 
with  vision  than  those  situated  more  peripherally.  One  fre- 
quently sees,  for  instance,  in  the  case  of  the  areolar  form,  the 
vision,  which  has  hitherto  been  more  or  less  good,  all  at  once 
become  very  much  deteriorated,  without  any  marked  change 
being  visible  in  the  ophthalmoscopic  appearances.  The  reason 
of  this  is,  that  a  fresh  patch  has  formed  at  the  fovea,  or  it  may 
be,  a  x^reviously  existing  change  in  that  situation  has  so  far 
altered  as  to  involve  the  percipient  elements  of  the  retina,  wliich 
up  to  that  time  have  escaped.  Central  patches  give  rise  at  first 
to  the  appearance  of  distortion  of  objects  looked  at,  or  mdamor- 
pJwpsia.  At  a  later  stage  this  may  be  followed  by  a  positive 
scotoma,  or  a  blind  spot,  of  which  the  patient  is  conscious,  and 
which  he  projects  in  front  of  his  eye  as  a  clouded  or  black 
figure,  the  size  of  which  increases  with  the  distance  of  the  plane 
of  projection. 

The  scotoma  is  at  first  only  seen  in  subdued  light,  and  clears 
away  as  the  surrounding  illumination  becomes  greater,  or  the 
object  fixed  is  brighter.  In  testing  for  positive  scotomata,  there- 
fore, the  test  should  be  made  in  subdued  light. 

The  metamorphopsia  is  due  to  a  change,  produced  by  the 
exudation  or  other  alteration  of  the  choroid,  in  the  relative 
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positions  of  the  percipient  elements  of  the  retina,  which  causes 
a  difference  in  the  external  projection  of  the  impressions  which 
they  receive.  In  the  case  of  a  fresh  exudation,  the  retinal 
elements  are  abnormally  separated,  so  that  a  smaller  numl^er  of 
elements  come  to  occupy  the  same  superficial  area  as  before  ;  or, 
in  other  words,  the  same  number  of  elements  are  spread  over  a 
larger  area  than  under  normal  circumstances.  The  image  of 
any  object  falling  on  such  an  area  produces  stimulation  of  a 
smaller  number  of  retinal  elements  than  it  would  otherwise  do  ; 


Fig.  81. — Disseminated  choroiditis  witli  marked  pigmentary  changes. 

l)ut  the  projection  being  unaltered,  this  is  not  compensated  for, 
and  the  object  appears  diminished — that  is  to  say,  such  changes 
give  rise  to  micropsia.  On  tlie  other  hand,  the  shrinking  result- 
ing from  the  contraction  of  an  old  exudation,  or  from  some 
atrophic  change,  may  lead  to  a  greater  approximation  of  the 
retinal  elements  in  the  area  involved,  so  that  the  same  number 
of  elements  come  to  be  spread  over  a  smaller  space  than  they 
originally  occupied.  Such  an  approximation  gives  rise,  for 
similar  reasons,  to  an  unnaturally  large  apparent  image,  or  to 
macropsia. 
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Forster,  who  was  the  first  to  explain  the  cause  of  retinal 
metamorphopsia,  pointed  out  that  the  micropsia  increases  as  the 
distance  of  the  object  from  the  eye  becomes  greater.  In  this 
way  retinal  is  distinguished  from  accommodative  micropsia.  It 
is  as  well  to  bear  this  in  mind,  as  a  defective  accommodation  is 
not  infrequently  met  with  in  cases  where  the  choroiditis  is  acute, 
more  especially  in  the  sj^hilitic  form. 

The  best  method  of  testing  whether  or  not  any  metamor- 


FiG.  82.— Showing  distortion  of  Fig.  83.— Showng  distortion  of 
parallel  lines  round  point  of  fixation  parallel  lines  in  the  case  of  mac- 
— micropsia.  ropsia. 

phopsia  exists  (and  it  may  be  present  without  being  spontane- 
ously complained  of)  is  to  cause  the  patient  to  fix  a  mark  in 
the  middle  of  a  number  of  parallel  lines,  a  few  millimetres  apart, 
and  to  say  whether  they  appear  to  him  to  run  parallel,  or  to 
bend  outwards  or  inwards  at  any  particular  place.  In  this  way 
we  may  detect  not  only  the  existence  of  a  localised  metamor- 
phopsia, but  also  whether  we  have  most  probably  to  do  with  a 
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recent  exudation  causing  a  distension,  or  an  old  exudation  or 
atrophic  change  which  has  led  to  a  contraction  and  approxima- 
tion of  the  retinal  elements  in  the  corresponding  area. 

Besides  the  defect  in  visual  acuity  caused  by  changes  in 
the  external  layers  of  the  retina,  there  may  be  other  changes 
which  have  more  or  less  influence  on  the  vision,  according  to 
the  site  of  the  choroidal  exudations.  When  the  area  attacked 
is  in  close  proximity  to  the  papilla,  there  is  often  found  to  be 
hypertemia  of  the  disc,  with  some  interference  with  the  trans- 
parency of  the  vitreous.  This  hyper£emia  is  the  result  of  a 
participation  by  the  scleral  vascular  rmg  in  the  congestion  of 
the  choroidal  vessels.  Again,  an  extension  forwards  of  the 
inflammatory  changes  is  apt  to  bring  about  a  complication  with 
cyclitis  or  even  iritis.  What  the  exact  connection  is  between 
choroiditis  and  opacities  of  the  vitreous  is  not  very  clear,  more 
especially  why  such  opacities  should  occur  in  some  cases  and 
not  in  others. 

The  etiology  of  disseminated  choroiditis  is  very  often  obscure. 
A  number  of  cases,  and  more  particularly  of  the  exudative 
variety,  are  probably  syphilitic.  It  is  very  uncommon  in 
children,  in  whom  it  is  mostly  a  manifestation  of  inherited 
syphilis. 

Treatment. — In  the  cases  which  are  of  syphilitic  origin, 
auti-syphilitic  treatment  on  the  usual  lines  will  often  be 
found  to  be  of  use.  But  great  harm  may  be  done  by  treating 
other  cases  in  the  same  way.  This  is  more  particularly  so 
where  the  choroidal  inflammation  occurs  in  young  people  or 
comes  on  after  some  debilitating  illness.  Fresh  air  and  moderate 
exercise  with  tonics,  especially  iron,  are  most  useful  in  such 
cases.  Cheerful  surroundings  and  change  of  air  are  also  to 
be  recommended.  It  is  certainly  a  mistake  to  confine  such 
patients  to  a  more  or  less  darkened  room,  as  is  often  done. 
They  may  be  given  dark  glasses  to  wear  outside,  but  should 
not  as  a  rule  be  put  under  any  more  severe  restraint.  Wet 
packing  for  half  an  hour  every  morning  sometimes  appears  to 
do  good. 

Senile  Central  Choroiditis. — When  the  vision  of  old 
people  slowly  but  steadily  deteriorates,  and  when  on  examina- 
tion it  is  found  that  the  field  of  vision  is  normal  in  extent  in 
all  directions,  while  with  the  ophthalmoscope  the  lens  and 
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vitreous  are  seen  to  be  clear,  a  careful  exploration  of  the 
macular  region  should  be  made.  For  this  purpose  it  is  gene- 
rally necessary  to  dilate  the  pupil.  The  cause  of  this  progressive 
defect  will,  in  such  cases,  very  often  be  found  to  be  an  alteration 
in  the  choroid  immediately  behind  the  macula. 

If  seen  at  an  early  stage  the  appearance  presented  by  this 
disease  is  that  of  a  reddish  or  reddish-yellow,  usually  irregu- 
larly oval-shaped  patch,  often  only  very  slightly  differing  in 
colour  from  the  rest  of  the  fundus,  but  always  presenting  a  very 
definite  outline.   Afterwards  the  patch  assumes  a  more  atrophic 
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Fig.  84. — Senile  central  choroiditis. 


aspect,  and  the  colour  then  presents  a  greater  contrast  to  that 
of  the  surrounding  parts ;  the  edges  become  more  irregular  and 
bordered  by  pigment.  The  patch  almost  always  appears  in 
both  eyes,  though  often  when  first  seen  it  is  further  advanced 
in  one  eye  than  in  the  other.  As  a  rule  the  patch  is  little  more 
than  half  the  size  of  the  papilla,  but  it  may  be  considerably 
larger. 

The  condition  gives  rise  to  metamorphopsia  and  to  the  appear- 
ance of  a  positive  scotoma,  of  the  existence  of  which  the  patient 
is  more  or  less  conscious.    Central  fixation  is  eventually  abol- 
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ished,  so  that  the  visual  acuity  is  reduced  to  -rf^"^  or  less. 
Patients  with  central  choroiditis  are  therefore  unable  to  read 
ordinary  print,  but  do  not  become  quite  blind,  as  there  is  no 
tendency  for  the  condition  to  spread  to  other  parts  of  the  eye. 
On  this  account  the  prognosis  is  so  far  good,  and  it  is  therefore 
of  considerable  practical  importance  to  make  a  correct  diagnosis, 
and  not  confound  the  condition  with  any  affection  which  may 
possibly  proceed  to  blindness. 


Fig.  85. — Acute  diffuse  choroiditis,  with  hypersemia  of  disc  and 

vitreous  haze. 

No  treatment  appears  to  have  any  influence  whatever  on  this 
disease. 

Syphilitic  Choroiditis. — While  many  changes  recognised 
with  the  ophthalmoscope  as  choroidal  are  more  or  less  directly 
the  result  of  syphilis,  there  is  one  form  of  acute  inflammation 
which,  if  not  invariably  a  manifestation  of  syphilis,  is  so  at  all 
events  in  the  vast  majority  of  cases.  This  form  seems  first  to 
have  been  described  by  Jacobson  as  syphilitic  retinitis,  and 
some  authors  still  retain  the  name.  Forster  however,  pretty 
definitely  demonstrated  the  true  choroidal  nature  of  the  affec- 
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tion.  It  is  a  late  secondary  or  early  tertiary  symptom  of 
syphilis.  In  more  than  half  the  cases  met  with,  traces  of  other 
secondary  manifestations  are  found  at  the  time  of  the  outbreak 
of  the  choroidal  inflammation.  It  is  most  frequent  in  elderly 
individuals,  and  appears  altogether  more  likely  to  make  its 
appearance  in  cases  where  syphilis  is  acquired  late  in  life. 
Sometimes  the  choroiditis  foUows  after  a  few  months  on  an 
attack  of  iritis.    It  is  mostly  met  with  in  both  eyes. 

The  objective  symptoms  are  often  very  slight,  viz.,  hypersemia 
of  the  disc,  with  faint  haze  of  the  surrounding  retina,  and  at  the 
same  time  a  fine  diffuse  opacity  in  the  vitreous.  The  hazy 
appearance  of  the  retina  is  partly  due  to  the  veiling  by  the 
opacity  in  the  vitreous,  which  is  always  most  dense  in  the 
central  portion,  and  partly  to  serous  exudation  in  the  retina 
itself.  It  clears  iip  to  some  extent  as  the  eye  remains  in  one 
position  during  the  examination,  owing  to  the  sinking  down  of 
the  vitreous  opacities.  In  a  number  of  cases  the  opacities  are 
much  more  dense,  and  render  the  details  of  the  fundus  more  or 
less  indistinct.  In  all  there  is  a  great  tendency  for  them  to 
continue  for  a  long  time,  or  to  disappear  and  reappear  at 
intervals.  In  short,  the  constant  association  with  more  or  less 
dense  opacities  of  the  vitreous  is  one  of  the  characteristic 
symptoms  of  this  disease. 

The  diminution  in  vision  varies  much  in  different  cases,  and 
the  acuity  does  not  altogether  appear  to  correspond  to  the 
ophthalmoscopic  changes.  When  the  ^dsion  is  very  defective- 
less  than  ^Vx) — ^1^6  vitreous  opacities  are  probably  always 
dense.  The  defect  is  often  found  to  be  relatively  greater  in  the 
more  central  portion  of  the  field  of  vision  than  it  is  towards 
the  periphery.  Often  a  ring  or  belt-shaped  area  of  the  field, 
which  is  functionally  normal  or  nearly  normal,  may  be 
found  surrounding  the  defective  central  area.  The  ring  may 
either  be  complete  or  interrupted  in  one  or  more  places. 
Considerable  differences,  however,  occur  in  the  shape  of  the 
field  of  vision. 

Yery  characteristic  of  this  disease  is  an  enormous  difference 
in  the  acuity  of  vision,  as  well  as  in  the  form  of  the  field  of 
vision,  found  on  examination  at  one  time  in  a  feeble,  at  another 
in  a  strong  illumination.  There  is  in  fact  often  most  marked 
night-blindness.    Thus  one  frequently  finds  that  a  patient  who 
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cannot  read  even  large  print  when  still  sufficiently  illuminated 
not  to  cause  any  perceptible  diminution  of  acuity  in  the  vision 
of  the  normal  individual,  is  nevertheless  able,  when  the  illum- 
ination is  strong,  to  read,  though  it  may  be  not  without  some 
difficulty,  the  very  smallest  print.  He  requires  a  more  powerful 
light  than  is  necessary  under  normal  conditions  to  evoke  the 
full  functional  activity  of  the  retina.  On  the  other  hand,  when 
the  light  is  strong  enough,  differences  in  degree  of  intensity  may 


Fig.  86. — Choroiditis,  with  marked  disturbance  of  retinal  pigment. 

be  appreciated  in  a  manner  which  does  not  greatly  differ  from 
the  normal. 

This  form  of  defect  of  the  light-sense  is  more  or  less  characteristic 
of  all  choroidal  changes,  and  is  one  reason  for  considering  the  disease 
in  question  to  be  essentially  an  inflammation  of  the  choroid,  and  not 
of  the  retina.  The  presence,  too,  of  opacities  in  the  vitreous,  the 
occasional  association  with  iritis,  as  well  as  the  subsequent  ophthalmo- 
scopic changes  met  with  in  the  more  severe  cases, — all  characterise 
the  inflammation  as  choroidal. 

Subjective  sensations  of  light  are  often  complained  of,  and 
are  sometimes  painfully  persistent.  They  originate  in  those  parts 
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of  the  retina  which  are  affected  by  the  subjacent  inflammatory 
changes,  and  are  intensified  by  strong  light,  or  by  anything 
which  temporarily  increases  the  action  of  the  heart.  Such  sub- 
jective light-sensations  do  not  render  the  vision  any  worse; 
although  they  may  be  projected  over  an  object  looked  at,  they 
do  not  interfere  with  its  distinctness. 

Metamorphopsia,  and  especially  micropsia,  is  a  very  frequent 
symptom  of  acute  syphilitic  choroiditis.  The  micropsia  is  often 
extremely  marked,  and  more  so  for  objects  held  at  some  distance 
from  the  eyes.  It  is  most  apparent  to  the  patient  where  the 
choroiditis  exists  in  one  eye  only. 

Acute  syphilitic  choroiditis  may  be  recovered  from  with- 
out leaving  any  trace,  and  with  perfect  restoration  of  vision. 
More  frequently  some  defect  of  vision  remains,  due  to  the 
persistence  of  opacities  in  the  vitreous  and  the  gradual 
development  of  changes  in  the  choroid,  which  have  much  the 
appearance  of  other  forms  of  disseminated  choroiditis.  Occa- 
sionally very  dense  opacities  remain,  and  these  cases  are 
usually  associated  with  inflammatory  changes  in  the  iris  and 
ciliary  body  as  well. 

When  considerable  defect  in  vision  remains  after  the  first 
month  or  two  from  the  beginning  of  the  inflammation,  ophthal- 
moscopic changes  are  sure  to  be  met  with  in  the  choroid.  One 
form  which  these  changes  may  assume  has  very  much  the 
appearance  of  retinitis  pigmentosa. 

Typical  cases  of  retinitis  pigmentosa  are,  however,  quite  different 
from  the  variety  following  severe  syphilitic  choroiditis,  and  are  easily 
recognised  by  the  delicate  shapes  of  the  pigment  deposited  in  the 
retina,  its  relation  to  the  vessels,  and  the  absence  often  of  any  dis- 
appearance of  the  pigment  of  the  hexagonal  cells,  and  always  of  any 
marked  atrophic  changes  in  the  vessels  of  the  choroid.  Cases  of  true 
retinitis  pigmentosa  then,  in  which  the  pigment  is  scattered  over  a 
fundus  which  reflects  a  miiform  red  or  reddish-yeUow  light,  and  hi 
which  the  structure  of  the  choroid  is  more  or  less  completely  hidden, 
cannot  possibly  he  mistaken  for  the  degenerative  form  which  follows 
choroiditis.  It  cannot  be  denied,  however,  that  hi  some  less  typical 
cases  the  differential  diagnosis  between  the  true  and  what  may  he  called 
the  syphUitic  or  spurious  variety  is  not  without  difliculty.  Probably 
in  the  syphilitic  type  the  deposits  of  pigment  are  never  as  delicate  in 
form,  and  the  choroidal  changes,  more  especially  in  the  way  of  atrophy 
of  the  vessels,  more  complete,  while  at  the  same  time  the  relative 
perfection  of  the  central  as  compared  with  tlie  peripheral  vision,  where 
the  blindness  is  not  complete,  is  less  pronounced. 
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The  best  treatment  is,  no  doubt,  the  mercurial,  and  prefer- 
ably by  inunction,  continued  as  long  as  possible  without  giving 
rise  to  stomatitis,  a  method  of  treatment  already  fully  referred 
to  in  connection  with  syphilitic  iritis.  At  the  same  time,  it 
would  appear  to  be  of  not  a  little  importance  to  keep  the 
patient  in  semi-darkness.  This  may  be  done  by  making  him 
use  tolerably  dark  smoked  glasses,  of  such  a  shape  as  to  exclude 
light  coming  from  the  sides,  as  well  as  from  the  front.  He 
should  at  the  same  time  avoid  stimulants  and  any  violent 
exercise,  and  be  altogether  prohibited  from  making  any  attempt 
at  reading,  or  using  his  eyes  for  any  work  necessitating  accom- 
modation, or  a  strong  illumination. 

Antekiok  Scleko-Choeoiditis. — In  this  variety  of  choroidal 
inflammation,  there  is  a  participation  of  the  overlying  sclera  in 
the  inflammatory  process.  Frequently  this  leads  to  a  weaken- 
ing of  the  portions  of  sclera  involved,  and  a  consequent  staphy- 
loma, or  bulging,  due  to  the  yielding  which  then  takes  place 
to  the  pressure  from  within  the  eye.  The  changes  which 
occur  in  the  choroid  cannot  be  seen  with  the  ophthalmoscope, 
as  they  are  confined  to  that  part  which  lies  in  front  of  the 
equator  of  the  eye. 

The  disease  occurs  in  an  acute  and  a  chronic  form,  and  may 
accordingly  give  rise  to  very  different  changes.  Even  acute 
cases  may  go  on  for  many  months  before  the  eye  comes  to  rest, 
while  the  chronic  form  lasts  for  years. 

Acute  anterior  sclero-cJwroiditis  generally  attacks  a  circum- 
scribed portion  of  the  sclera  and  choroid,  in  the  neighbourhood 
of  the  iris,  but  the  complete  zone  surrounding  the  cornea  may 
be  involved.  The  subconjunctival  tissues  over  the  site  of  the 
inflammation  become  hypersemic  and  swollen,  just  as  in  the 
more  superficial  episcleritis,  though  there  is  less  tendency  to 
localisation.  The  pain,  too,  is  pretty  severe,  while  episcleritis 
is  remarkably  painless  as  a  rule.  The  infiltration  soon  spreads 
to  the  cornea,  and  often  to  the  iris  as  well,  giving  rise  to 
synechife,  and  other  changes  characteristic  of  iritis.  The 
infiltration  in  the  cornea  may  be  so  dense  that,  when  the  in- 
flammation has  subsided,  it  often  looks  just  as  if  the  sclera  had 
encroached  on  the  cornea,  a  condition  sometimes  spoken  of  as 
sclerotising  keratitis,  which  abolishes  the  natural  regular  border 
between  the  cornea  and  sclera.    In  old-standing  cases,  in  which 
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there  have  been  repeated  attacks  of  the  inflammation,  the 
margin  of  the  clear  cornea  becomes  in  this  way  extremely 
irregular.  In  very  severe,  diffuse,  long-continued  cases,  the 
sclerotising  of  the  cornea  may  be  complete,  and  the  whole 
anterior  part  of  the  eye  thus  become  opaque,  and  more  or  less 
flattened. 

In  the  chronic  form  of  the  inflammation,  the  inflamed  area 
undergoes  atrophic  changes,  and  becomes  thinned.  It  then 
gradually  assumes  more  and  more  of  a  bluish  or  greyish-blue 
colour  ;  and  as  at  the  same  time  there  is  often  an  increased 
secretion  and  abnormally  high  tension  in  the  eye,  as  the  result 
of  the  associated  iritis,  this  discoloured  area  slowly  begins  to- 
yield  and  bulge  forwards.  This  gives  rise  to  variously  shaped 
protrusions,  or  staphylomata.  The  staphylomata  may  form  at 
the  corneo-scleral  margin,  over  the  ciliary  region,  or  somewhat 
further  back,  or  all  these  parts  may  be  at  the  same  time 
involved  in  the  protrusion. 

There  is  rarely  much,  if  any,  pain  experienced  by  this 
gradual  distension,  which  may  occupy  years  in  arriving  at  any 
great  size,  and  generally  takes  place  after  the  vision  has  been 
very  considerably  reduced.  In  the  acute  cases  there  is  pain, 
both  spontaneous  and  on  pressure,  over  the  inflamed  area. 
From  the  stretching  of  the  retina,  too,  patients  complain  of 
subjective  sensations  of  light. 

One  marked  peculiarity  of  the  disease  is  its  intermittent 
character.  Different  portions  of  the  anterior  part  of  the 
choroid  and  sclera  are  affected  on  successive  attacks.  It  appears 
to  be  considerably  more  common  in  women  than  in  men,  and 
is  most  liable  to  occur  before  the  age  of  full  growth  is  attained. 
It  is  beheved  by  some  to  be  connected  with  uterine  disorders. 
Undoubtedly,  in  some  cases,  such  a  connection  exists,  but  in 
my  experience  this  is  more  frequently  not  the  case.  Chronic 
arthritis  is  not  uncommonly  met  with  in  patients  suffering  from 
this  disease. 

The  prognosis  is  always  bad,  and  worse  in  the  chronic  than 

in  the  acute  form. 

In  the  treatment,  any  state  of  the  general  health  which 
appears  likely  to  have  a  bearing  on  the  local  affection  must 
be  attended  to.  The  digestive  functions  more  especially  re- 
quire attention.  Anti-rheumatic  treatment  will  often  be  useful, 
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where  there  are  distinct  rheumatic  manifestations  elsewhere. 
In  such  cases  a  visit  to  Harrogate,  Buxton,  Wildbad,  or  Marien- 
bad,  may  do  good.  Antiphlogistic  treatment  is  required  for  the 
local  condition  when  it  presents  itself  in  the  acute  form. 
Leeching,  mercurial  inunctions,  pilocarpine  injections,  &c.,  are 
then  of  more  or  less  service.  At  the  same  time,  as  complete 
rest  as  possible  must  be  given  to  the  eyes,  and  dark  glasses 
constantly  worn. 

Besides  the  medical  treatment,  the  question  of  surgical 
interference  has  often  to  be  considered.  Operations  must  not, 
however,  be  lightly  overtaken,  as  they  may  produce  immediate 
or  subsequent  bad  results.  Thus,  if  an  iridectomy  be  performed 
in  some  old-standing  cases  where  there  has  been  thinning, 
vitreous  may  escape  in  considerable  quantity,  owing  to  fluidity, 
or  to  disease  of  the  zonule,  and  be  followed  by  serious  conse- 
quences. The  operation,  is  indicated  in  cases  where  the  tension 
is  markedly  increased,  and  in  which  there  is  not  any  excessive 
staphylomatous  change.  In  all  cases,  great  care  must  be  taken 
to  obtain  a  speedy  healing  of  the  wound,  and  to  avoid  any 
catching  of  the  iris  in  it.  In  some  of  the  more  persistent  cases 
of  the  acute  sclerotising  form,  I  have  obtained  very  satisfactory 
results  by  performing  peritomy ;  in  other  cases,  apparently  very 
similar,  this  operation  is  of  little  use.  "Wlien  the  eye  has  come 
to  rest  after  peritomy,  an  iridectomy  may  be  done  as  well.  This 
seems  advisable  as  a  prophylactic  measure,  considering  the  great 
tendency  there  is  to  recurrence.  It  is  all  the  more  called  for 
when  synechise  have  resulted  from  the  accompanying  iritis,  but 
the  contra-indications,  already  referred  to,  must  be  borne  in 
mind. 

Posterior  Sclero-Choroiditis. — Staphyloma  Posticum. — A 
similarly  slow,  degenerative,  inflammatory  change  of  the  choroid, 
with  thinning  of  the  corresponding  portion  of  sclera,  takes  place 
at  the  back  of  the  eye.  Staphyloma  posticum  is  mostly  found 
to  the  outer  side  of  the  papilla,  but  may  extend  all  round  it  and 
involve  the  macula  as  well.  Just  as  in  the  anterior  form,  this 
inflamed  area  yields  to  the  intraocular  pressure.  In  this  way 
a  true  staphyloma  posticum  is  produced.  The  name  staphyloma 
posticum  is  given,  however,  to  very  varying  degrees  of  defect 
in  the  choroid  in  the  immediate  neighbourhood  of  the  disc.  The 
defect  may  be  merely  due  to  the  aperture  in  the  choroid  at  the 
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site  of  the  entrance  of  the  optic  nerve  being  larger  than  that  in 
the  sclera,  whereby  the  scleral  ring  becomes  broadened  to  the 
outer  side,  showing  as  a  crescentic  white  patch  with  its  concave 
margin  next  the  disc.  Such  a  crescent  may  be  met  with  along 
with  all  states  of  refraction,  but  is  more  frequently  seen  in 
myopic  eyes.  A  very  great  enlargement  of  this  patch  may  take 
place  as  the  result  of  a  slow  form  of  sclero- choroiditis.  This 
low  inflammatory  change  only  takes  place  in  myopic  eyes.  A 
similar  appearance  due  to  atrophic  thinning  of  the  choroid  is 
met  with  as  a  senile  change. 

A.S  the  area  of  degeneration  extends  in  a  myopic  eye,  it  comes 


Fig.  87.— Case  of  staphyloma  posticum  at  lower  margin  of  disc. 

more  and  more  to  encircle  the  disc,  though  it  is  usually,  even  when 
very  extensive,  most  marked  to  the  outer  side.  In  a  small  propor- 
tion of  cases,  the  crescent  lies  at  the  lower  margin  of  the  disc. 
The  white  colour  of  the  staphyloma  posticum  is  due  to  reflection 
from  the  sclera  below  the  patch  of  atrophy  of  the  choroid  and 
pigment  layer  of  the  retina.  Tlie  superficial  layers  of  the  retina 
are  not  as  a  rule  implicated  in  the  process,  and  as  a  consequence 
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of  this,  the  retinal  vessels  may  be  seen  to  course  over  it,  just  as 
in  the  cases  of  choroiditis  elsewhere. 

The  margin  of  the  staphyloma  which  is  farthest  away  from 
the  disc  may  be  sharply  defined,  and  is  then,  usually  at  the 
same  time,  the  site  of  a  greater  or  less  pigmentation.  In  other 
cases  the  patch  merges  at  this  situation  into  the  surrounding 
fundus  without  showing  any  very  decided  definition.  Speaking 
generally,  the  first  condition  is,  an  indication  of  an  arrested,  or 
only  very  slowly  progressive  change,  while  the  latter  should 
give  rise  to  more  suspicion,  as  showing  a  greater  likelihood  of 
progression.  In  the  very  high  degrees  of  staphyloma  posticum, 
the  crescentic  shape  is  altogether  lost,  and  only  a  large  white 
patch,  sometimes  with  here  and  there  some  pigment  spots, 
surround  the  disc  on  all  sides.  These  large  areas  of  degenera- 
tion may  even  involve  the  macula.  The  protrusion,  by  increas- 
ing the  antero-posterior  diameter  of  the  eye,  causes  axial  myopia. 
The  greatest  distension  does  not  take  place  at  the  macula,  and 
therefore  the  axial  prolongation  is  not  greatest  in  the  line  of 
vision.  The  myopia  consequently,  though  progressive,  does  not 
increase  at  a  rate  which  corresponds  exactly  to  the  increase  of 
the  elongation  in  the  region  of  the  diseased  coats. 

Posterior  sclero-choroiditis,  which  causes  the  higher  and 
progressive  variety  of  myopia,  has  a  tendency,  just  like  the 
affection  in  the  anterior  part  of  the  choroid,  to  remain  quiescent 
for  some  time,  and  then  break  out  afresh.  It  often  causes  a 
dull  aching  pain.  This  pain,  and  the  evidence  of  progression  in 
the  degree  of  the  myopia,  as  well  as  the  defect  in  vision,  which 
makes  its  appearance  sooner  or  later,  are  the  main  signs  of  the 
disease  being  active.  On  the  other  hand,  during  a  period  of 
remission,  the  vision  does  not  alter  in  acuity  nor  the  myopia  in 
degree,  while  at  the  same  time  the  pain  is  absent. 

This  disease  is  common  in  the  lower  classes,  so  that  the 
higher  and  most  serious  cases  of  myopia,  unlike  the  more 
common  form,  in  which  the  tendency  to  progression  is  not 
pronounced  after  full  growth  is  attained,  are  found  amongst 
the  illiterate,  as  much  if  not  more  than  amongst  such  as  use 
their  eyes  much  for  reading,  or  for  any  work  necessitating  con- 
vergence of  the  visual  axes.  What  the  causes  are  seems  to  be 
altogether  unknown.  There  is,  besides,  no  evidence  of  any 
heredity,  which  is  so  important  a  factor  in  connection  with  the 
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tjpical  form  of  myopia.  It  appears  as  if  various  forms  of  mal- 
nutrition and  constitutional  weakness,  inherited  or  acquired, 
predispose  to  it. 

In  connection  with  staphyloma  posticum,  and  what  must  be 
looked  upon  as  the  immediate  cause  of  the  defect  of  vision  in  the 
progressive  variety  of  myopia  with  which  it  is  accompanied,  are 
changes  occurring  in  the  region  of  the  macula  itself.  These 
changes  are  rather  different  in  their  mode  of  origin  from  those 
characteristic  of  senile  central  choroiditis  which  they  may  after- 


FiG.  88. — Staphyloma  posticum,  with  changes  at  the  macula. 
From  a  case  of  progressive  myopia. 

wards  come  to  resemble  pretty  closely.  They  frequently  begin 
as  a  kind  of  irregularity  in  the  pigmentation  at  the  macula, 
which  takes  the  form  of  differently  shaped  figures  darker  than 
the  surrounding  fundus.  Gradually  the  centres  of  these  figures 
exhibit  a  yellowish  or  atrophic  coloration,  which  encroaches 
more  and  more  on  the  darkened  area,  and  eventually  becomes 
an  atrophic  plaque  very  similar  to  those  met  with  in  disseminated 
choroiditis.  It  is  not  quite  certain  whether  these  macular 
changes  are  the  result  of  atrophy  from  stretching  alone,  or 
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are  caused  by  inflammatory  exudations  in  the  choroid  as 
well. 

Metamorphopsia  is  a  constant  symptom  of  this  condition, 
and  frequent  complaints  are  made  of  muscte,  cloudy  vision,  and 
subjective  light-sensations.  The  symptoms,  in  short,  all  point 
to  irritation  of  the  retinal  percipient  elements. 

The  treatment  is,  on  the  whole,  very  unsatisfactory,  especially 
where  the  condition  has  been  going  on  for  some  time.  Head- 
ing should  certainly  be  avoided,  and  dark  glasses  be  more  or 
less  constantly  worn  at  times  when  the  subjective  symptoms 
point  to  activity  in  the  inflammatory  process  and  progression  of 
the  myopia.  At  the  same  time  it  may  be  of  use  to  leech  or 
blister  the  temple.  Horner  has  recommended  frequent  para- 
centesis of  the  anterior  chamber,  but  of  this  treatment  I  have 
no  personal  experience.  ,  Iridectomy  is  certainly  not  of  any 
use,  and  indeed  not  altogether  safe.  Other  operations,  such  as 
tenotomy  of  the  external  recti,  or  even  of  all  the  recti,  are 
probably  never  now  performed,  although  at  one  time  such  treat- 
ment seems  to  have  been  pretty  extensively  practised,  as  it  was 
held  that  the  pressure  of  the  muscles  tended  to  increase  the 
elongation  of  the  eye. 

A  great  deal  too  much  has  undoubtedly  been  made,  and  is  still 
made,  of  the  possible  part  which  the  muscles  play  in  this  respect. 
This  has  arisen  in  great  measure  from  the  erroneous  idea  that  the 
elongated  globe  moves  less  freely  than  it  really  does  round  its  axis  of 
rotation,  an  idea  which  seemed  to  be  supported  by  the  mistake  of 
takuig  insufficiency  of  convergence,  so  common  in  high  degrees  of 
myopia,  for  insufficiency  of  the  mternal  recti.  A  still  more  un- 
warranted assumption  ascribes  a  role  of  importance  in  the  etiology  of 
progressive  myopia  to  the  action  of  the  inferior  oblique  muscle.  This 
view,  which  has  been  lately  propounded  by  Landolt,  has  led  him  to 
suggest  tenotomy  of  that  muscle,  which  he  performs,  or  proposes  to 
perform,  by  dividing  its  tendon  of  origin. 

Purulent  Choeoiditis.— A  purulent  inflammation  of  the 
choroid  which  may  either  remain  confined  to  that  membrane,  or 
lead  to  inflammation  of  all  the  tissues  of  the  eje— panophthal- 
mitis, occurs  as  the  result  of  various  lesions.  Thus  it  may  be 
set  up  by  operations  performed  on  the  eye,  or  by  penetrating 
wounds,  with  or  without  the  lodging  of  foreign  bodies  within 
the  eye.    It  may  follow  fresh  perforations  of  the  cornea,  or 


298   DISEASES  OF  THE  CHOROID  AND  VITREOUS 

any  accident  which  causes  a  bursting  or  inflammation  of  a 
staphyloma  of  the  cornea  or  sclera. 

In  a  small  but  important  group  of  cases  the  etiology  is  of 
an  altogether  different  nature ;  in  such  the  purulent  choroiditis 
may  result  from  thrombosis  in  the  ophthalmic  veins,  from 
embolism  in  the  choroidal  arteries,  or  from  septicaemia.  The 
first  class  of  cases  may  be  grouped  as  cases  of  traumatic  purulent 
choroiditis,  the  second  as  metastatic  purulent  choroiditis. 

Traumatic  Purulent  Choroiditis.— The  symptoms  of  purulent 
choroiditis  are— very  great  pain  in  the  eye,  accompanied  by 
rapid  and  complete  loss  of  vision,  redness  and  swelling  of  the 
lids,  and  chemosis.    Swelling  of  the  orbital  tissues  is  also  more 
or  less  marked,  causing  a  tendency  to  protrusion  of  the  eye,  the 
mobility  of  which  is  at  the  same  time  interfered  with,  partly  on 
account  of  the  participation  of  the  muscles  and  the  mechanical 
difficulties  which  the  presence  of  the  exudation  occasions,  and 
partly,  no  doubt,  owing  to  the  pain  alone.   In  cases  which  go  on 
to  panophthalmitis  all  these  symptoms  are  more  intense,  and  at 
the  same  time  the  cornea  becomes  more  and  more  hazy  from 
infiltration  of  leucocytes ;  the  aqueous  humour  becomes  muddy 
and  purulent,  and  iritis  with  hypopyon  makes  its  appearance. 
Purulent  choroiditis  always  leads  eventually  to  shrinking  of  the 
eye.    This  may  follow  rapidly  on  a  spontaneous  perforation  of 
the  coats  and  the  discharge  of  pus  externally,  or  it  may  more 
slowly  result  from  consolidation  and  partial  absorption  of  the 
purulent  matter  without  perforation.    In  such  cases,  if  the  lens 
remain  clear  and  the  pupil  be  not  occluded,  the  whitish  mass  of 
partially  organised  lymph  may  be  visible. 

In  the  treatment  of  purulent  choroiditis  we  cannot  expect  to 
save  the  sight  of  the  eye.  All  that  can  be  done  is  to  alle%date 
the  excessive  pain  from  which  the  patient  suffers.  For  this 
purpose,  when  vision  has  been  lost,  poultices  may  be  freely 
applied,  and  an  opening  made  in  the  eye  to  admit  of  the  dis- 
charge of  the  pus.  The  opening  may  be  made  right  through 
the  cornea,  thus  aUowing  the  lens  to  escape,  or  it  may  be  made, 
as  some  advocate,  in  the  sclera.  Instead  of  poulticing,,  the  eye 
may  be  frequently  syringed  out  with  a  solution  of  corrosive 
sublimate.  This,  which  has  been  recommended  by  Chibret, 
•seems  sometimes  to  hasten  the  healing  process.  It  is  very 
useful  when  the  suppuration  has  begun  in  the  \dtreous. 
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Eniicleation  should  not  be  performed  at  the  tune  of  the 
inflammation,  owing  to  the  risk  that  there  is  of  thereby  setting 
up  meningitis.  Meningitis  occurring  after  enucleation  performed 
for  panophthalmitis  is  certainly  rare,  and  when  it  does  occur,  it 
seems  probable  that  it  is  the  result  of  the  transference  of  septic 
matter  along  the  lymph  channels  of  the  eye,  or  tissues  of  the 
orbit,  to  the  membranes  of  the  brain.  When  the  inflamed  eye 
is  left  alone,  or  merely  incised  to  give  exit  to  the  pus  it  contains, 
this  transference  is  much  less  liable  to  occur,  if  indeed  it  ever 
does  occur.  The  reason  of  this  is  no  doubt  that  a  natural 
Hmitation  takes  place  between  the  healthy  and  necrotic  tissues, 
whereas  the  removal  of  the  eye  causes  the  opening  up  of  lymph- 
atic and  vascular  channels,  and  brings  a  comparatively  healthy 
wounded  surface  in  more  immediate  contact  with  the  inflamed 
tissues.  Thus  it  is  found  that  the  danger  is  greatest  in  the  case 
where  the  pus  from  the  eye  which  is  being  removed  is  allowed 
to  come  in  contact  with  the  wound  made.  This  may  happen 
when  the  globe  is  perforated  by  the  scissors  during  the  opera- 
tion, or  has  spontaneously  burst  before  the  enucleation  is  begun. 
Again,  when  meningitis  has  occurred,  it  has  always  come  on 
within  forty-eight  hours  or  so  after  the  operation.  Whether  the 
risk  of  enucleation  in  panophthahnitis  can  be  altogether  over- 
come by  antiseptic  precautions,  or  not,  is  certainly  doubtful ; 
at  all  events  most  rigid  antiseptic  measures  are  called  for  if 
enucleation  be  practised.  Possibly  less  danger  attaches  to  the 
operation  of  evisceration.  The  wound  produced  by  this  opera- 
tion is  less  severe,  and  can  be  more  effectually  washed  out  by 
antiseptic  lotions.  For  these  reasons  evisceration  is  probably 
preferable  to  enucleation,  but  sufficient  experience  of  the  opera- 
tion has  hardly  yet  been  gained  to  admit  of  a  definite  conclusion 
on  this  point.  True  has  recommended  evisceration  followed  by 
enucleation.  The  object  of  this  is  to  remove  the  septic  matter 
contained  in  the  eye  before  opening  up  the  cellular  tissue  of  the 
capsule.  If  enucleation  be  performed  at  all,  this  would  seem, 
theoretically  at  all  events,  to  be  a  good  precaution. 

The^question  as  to  whether  enucleation  should  be  done  or  not 
at  a  later  period  when  the  eye  has  shrunk,  and  the  symptoms  of 
active  inflammation  have  subsided,  is  one  which,  as  a  general 
rule,  may  be  left  •  pretty  much  to  the  patient,  as  there  is  little 
danger  of  sympathetic  inflammation  occurring  in  the  other  eye. 
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When  purulent  choroiditis  seems  to  be  threatened,  it  would 
appear  that  it  sometimes  can  be  kept  off  by  the  application  of  a 
tight  bandage  over  the  eye. 

Metastatic  Purulent  Choroiditis.— far  the  greatest  num- 
ber of  cases,  in  which  a  meningitis  from  which  the  patient 
recovers  is  accompanied  by  purulent  choroiditis,  occur  in  very 
young  children.  Often  such  cases  are  first  seen  by  the  ophthalmic 
surgeon  after  the  meningitis  has  subsided.  The  inflammation  in 
the  choroid  leads  to  shrinking  of  the  globe,  never  to  panophthal- 
mitis. And  the  appearance  which  the  eye  then  presents  is  that 
which  in  this  country  is  often  called  pseitdo-glioma.  The  iris  is 
then  muddy,  more  or  less  atrophied,  and  pressed  forward  by  the 
lens,  so  that  the  irregular  pupil  comes  to  lie  close  up  to  the  clear 
cornea.  The  periphery  of  the  iris  is,  however,  in  most  cases 
retracted,  sometimes  markedly  so.  Through  the  lens,  which 
usually  remains  clear,  a  white  mass  can  be  seen  lying  in  the 
vitreous.  The  tension  of  the  eye  is  duninished,  and  there  is 
complete  blindness. 

It  is  seldom  that  any  difficulty  can  arise  in  the  differential 
diagnosis  between  this  condition  and  true  ghoma,  which  also 
occurs  in  children ;  the  retraction  of  the  iris  at  the  angle  of  the 
anterior  chamber,  and  the  diminished  tension,  are  sufficiently 
characteristic  symptoms  when  present. 

Choroiditis  following  meningitis  is  probably  due  to  dii'ect 
transference  of  inflammatory  products  along  the  sheath  of  the 
optic  nerve.  One  or  both  eyes  may  be  affected,  more  frequently 
only  one.  There  appears  to  be  no  danger  of  sympathetic  in- 
flammation of  the  other  eye  where  one  eye  alone  is  affected, 
and  therefore  enucleation  is  not  necessary.  The  evidences  of 
the  meningitis  are  not  always  equally  marked.  Sometimes 
there  have  been  distinct  convulsions,  at  other  tunes  only  loss  of 
appetite  and  drowsiness,  with  the  history  of  sudden  redness  and 
swelling  of  the  eye,  and  a  yellow  kind  of  glimmer  from  the 
interior.  This  appearance,  with  the  chemosis  and  hypopyon, 
and  the  evident  interference  with  vision,  distinguish  the  cases 
from  simple  iritis. 

Purulent  choroiditis  in  one,  sometimes  in  both  eyes,  leading 
■  to  complete  destruction  of  sight  and  to  shrinking  of  the  eye, 
either  from  perforation,  or  absorption  and  organisation  of  the 
deposit  in  the  vitreous,  may  occur  in  pyjismia,  puerperal  fever, 
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erysipelas,  and  suppurative  endocarditis,  as  well  as  in  con- 
nection with  inflammations,  both  idiopathic  and  traumatic, 
about  the  head  or  face.  The  immediate  cause  of  the  inflam- 
mation in  these  cases  is  probably  not  always  the  same,  yet 
it  is  often,  no  doubt,  as  has  actually  been  demonstrated,  due 
to  embolic  infarcts  in  the  choroidal  vessels,  and  these  have 
been  shown  by  Hosch  to  contain  micro-organisms.  In  other 
cases,  again,  such  as  those  which  occur  after  debilitating  fevers, 
some  other  cause  probably  exists, — sometimes,  it  may  be,  throm- 
bosis of  the  choroidal  veins. 

In  cases,  again,  of  thrombosis  of  the  cerebral  sinuses, 
we  may  find  a  pretty  sudden  protrusion  of  the  eye  with 
amblyopia  or  amaurosis,  a  dilated  and  motionless  pupil,  and 
more  or  less  chemosis  of  the  conjunctiva  and  oedema  and 
redness  of  the  lids.  This  may  occur  on  both  sides,  but  is 
most  frequently  found  on  one  side  only.  Probably  the 
thrombosis  in  the  sinuses  is  not  sufficient  of  itself  to  give 
rise  to  the  choroiditis,  but  must  be  associated  with  thrombosis 
in  the  ophthalmic  veins  as  well.  Such  cases  always  end  fatally. 
The  process  may  begin  in  the  sinuses  of  the  brain  and  spread 
to  the  ophthalmic  vein,  or  it  may  result  from  a  phlebitic  process 
in  the  neighbourhood  of  some  inflammation  in  the  face,  and 
spread  back  to  the  sinuses.  In  the  first  case  there  may  often 
be  great  difficulty  in  diagnosing  between  the  thrombosis  of  the 
sinuses  and  meningitis,  as  the  cause  of  the  panophthalmitis. 
When  it  occurs  on  both  sides,  more  especially  with  an  interval 
between  the  appearance  of  the  inflammation  in  the  two  eyes, 
thrombosis  would  appear  to  be  most  likely.  The  state  of  the 
pupil  may  sometimes  be  of  diagnostic  importance  in  this 
respect, — in  thrombosis  it  is  generally  dilated  and  motionless 
while  retaining  its  normal  form;  in  choroiditis  from  meningitis, 
on  the  other  hand,  it  may  be  irregular  and  bound  down  by 
synechia. 

Serous  Choroiditis. — A  purely  serous  inflammation  of  the 
choroid  alone  is  generally  supposed  to  exist,  and  to  produce  all 
the  symptoms  of  glaucoma.  It  does  not  present  any  charac- 
teristics which  call  for  special  reference  here.  It  is  often 
associated,  however,  with  serous  irido-cyclitis,  and  may  then 
come  on  after  severe  illness,  more  particularly  after  recurrent 
fever. 
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A  pecviliar  form  of  choroiditis  is  sometimes  met  with,  in 
which  a  very  copious  exudation  takes  place  in  the  region  of  the 
macula  or  the  papilla,  leading  to  the  formation  of  a  flat  pro- 
minence in  this  situation.  In  the  cases  I  have  seen,  I  have 
always  been  in  doubt  as  to  whether  the  affection  should  not  be 
looked  upon  more  as  a  detachment  of  the  choroid,  rather  than 
an  inflammation  pure  and  simple  of  the  membrane.  The 


Fig.  89. — Rupture  of  the  choroid  (inverted  image). 

disease,  whatever  be  its  exact  nature,  is  an  extremely  serious  one 
as  far  as  the  sight  of  the  eye  is  concerned. 

EUPTURE  OF  THE  CHOROID. — The  choroid  may  be  ruptured, 
partially  or  completely,  by  a  blow  on  the  eye  with  some  blunt 
object,  and  with  or  without  there  being  a  rupture  of  the  retina 
at  the  same  time.    The  same  injury  may  give  rise  to  retrover- 
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siou  or  separation  of  the  iris,  dislocation  of  the  lens  or  other 
lesions  in  the  anterior  segment  of  the  eye,  but  often  the  rupture 
of  the  choroid  is  the  only  change  produced.  The  sclera 
immediately  behind  the  ruptured  choroid  never  gives  way. 

Euptures  of  the  choroid  take  place  near  the  posterior  part  of 
the  eye,  and  possibly  at  the  anterior  part,  where  they  cannot  be 
seen  with  the  ophthalmoscope.  They  may  be  to  either  side  of 
the  optic  nerve,  or  above  or  below  it,  and  almost  always  coincide 
very  nearly  with  segments  of  circles  described  round  the  papilla 
as  a  centre.  Bifurcations  may  occur,  and  in  some  instances  two 
distinct  and  concentric  ruptures  may  take  place.  One  such 
case  has  come  under  my  own  observation,  in  which  the  rupture 
near  the  papilla  was  considerably  smaller  than  the  other,  while 
the  mid-point  of  both  lay  pretty  nearly  in  the  same  meridian 
(see  Fig.  90). 

The  ophthalmoscopic  appearances  vary  according  to  the 
completeness  of  the  rupture  and  the  length  of  time  which  has 
elapsed  since  the  accident.  If  the  eye  be  examined  imme- 
diately after  the  injury,  the  rupture  cannot,  as  a  rule,  be  seen, 
but  the  retina  is  found  to  be  swollen  and  hazy,  and  more  or  less 
veiled.  In  a  few  days  this  haziness  in  the  retina  disappears, 
and  a  sharply  cut  linear  yellowish  figure,  concentric  with  the 
papilla,  and  over  which  the  retinal  vessels  are  seen  to  pass, 
makes  its  appearance  not  far  from  the  papilla.  This  gradually 
becomes  more  and  more  white,  and  in  the  course  of  time  is  here 
and  there  pigmented.  Pigmentary  changes  also  often  develop 
in  other  parts  of  the  surrounding  retina,  particularly  in  the 
immediate  vicinity  of  the  optic  disc.  When  the  rupture  has 
been  incomplete,  the  colour  which  it  presents  on  ophthalmos- 
copic examination  is  never  so  white,  and  is  sometimes  only 
slightly  different  from  the  surrounding  fundus,  so  that  the 
diagnosis  may  be  a  little  difficult.  Eupture  of  the  choroid 
generally  causes  very  little  bleeding,  but  the  nature  of  the  lesion 
may  remain  for  some  time  undetected,  owing  to  the  bleedino- 
from  the  iris,  which  has  been  injured  at  the  same  time. 

The  extent  of  the  injury  to  vision  differs  very  much  in 
different  cases,  depending  on  the  position  and  extent  of  the 
rupture.  In  large  ruptures  the  vision  is  always  permanently 
much  reduced.  Even  small  ruptures,  if  they  take  place 
immediately  behind  or  close  to  the  macula  lutea,  cause  great 
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interference  with  sight.  In  almost  all  cases  the  vision  is  much 
reduced  immediately  after  the  accident,  and  gradually  improves 
to  a  greater  or  less  extent  as  the  oedema  of  the  retina  passes  off. 
Sometimes  it  would  appear  that  the  vision,  after  recovering  to 
some  extent,  again  slowly  deteriorates,  as  the  result  probably  of 
changes  taking  place  in  the  optic  nerve. 

When  the  retina  gives  way  as  well  as  the  choroid — an 


J.  T  T 


Tig.  90.— Double  rupture  of  the  choroid  (erect  image). 

accident  which  is  of  very  much  rarer  occurrence — the  evidence 
of  surrounding  haemorrhages  is  more  marked,  and  one  misses 
the  retinal  vessels  crossing  any  part  of  the  white  sclerotic 
background  laid  bare  by  the  separation  of  the  membranes. 
Eetinal  vessels  are,  on  the  other  hand,  seen  here  and  there  to 
curl  round  the  margin  of  the  white  space,  and  then  continue 
their  course  in  the  uninjured  retina. 


COLOBOMA  OF  THE  CHOROID. 


The  mechanisni  of  rupture  of  the  choroid  has  not  as  yet  been  quite 
satisfactorily  explained.  It  used  to  be  supposed  that,  owing  to  the 
firmer  attachment  of  the  choroid  at  the  jDosterior  pole,  where  so  many 
vessels  pass  into  the  eye,  the  dragging,  which  momentary  alteration  in 
the  shape  of  the  eye  produced  by  a  severe  blow  must  cause,  would 
act  more  on  this  unyielding  portion  than  anywhere  else.  This  ex- 
planation is  unsatisfactory  for  several  reasons.  In  the  first  j)lace  it 
does  not  account  for  the  invariable  direction  of  the  rupture  with  its 
concaAdty  towards  the  optic  papilla.  Again,  the  numerous  experi- 
ments which  Voelckers,  Berlin  of  Stuttgart,  and  others  have  made  on 
animals,  with  the  object  of  producing  rupture  of  the  choroid,  have 
either  altogether  failed  or  have  given  rise  to  a  lesion  that  cannot  be 
said  to  be  exactly  analogous  to  that  met  with  clinically.  It  could  not 
possibly  hold  good  either  in  the  case  of  a  double  rupture,  when  the 
two  lie  across  the  same  meridian  of  the  fundus,  such  as  the  one  I  have 
figured.  It  is  more  probable,  therefore,  that  another  explanation, 
given  by  Becker,  comes  nearer  the  truth.  Becker  supposes  that  at  the 
time  of  the  blow  the  nature  of  the  distortion  which  the  eye  suffers  is 
a  pressing  in  of  the  optic  nerve  towards  the  middle  of  the  eye,  pro- 
ducing a  fold  or  a  series  of  folds  in  the  coats  immediately  surrounding 
the  papilla.  At  these  folds  both  retina  and  choroid  are  stretched,  but 
the  former,  being  more  elastic  and  less  firmly  fixed,  yields,  whereas 
the  latter,  from  the  natui-e  of  its  attachments,  gives  way.  He  bases 
this  view  partly  on  the  ease  with  which  this  distortion  can  be  pro- 
duced in  an  eye  removed  from  the  body,  and  partly  on  the  failure  of 
the  experiments  on  animals,  which  may  then  be  accounted  for  by  the 
fact  that  in  so  many  the  relation  of  the  optic  nerve  to  the  back  of  the 
globe  is  different  from  that  which  exists  in  man.  The  subsequent 
pigmentation  occurring  round  the  disc  in  some  cases  is  also  suggestive, 
as  the  immediate  neighbourhood  of  the  end  of  the  nerve  must  no 
doubt  suffer  by  the  injury.  Possibly  in  some  cases  the  very  opposite 
may  take  place,  and  the  nerve,  instead  of  being  forced  into  the  eye, 
may  be  more  or  less  driven  away  from  it. 

CoLOBOMA  OF  THE  CHOROID. — Just  as  In  the  case  of  the  iris 
an  arrest  of  development  may  lead  to  the  non-closure  or  im- 
perfect closure  of  the  foetal  fissure,  so  in  the  choroid  a  similar 
defect  may  result  from  the  same  cause. 

Coloboma  of  the  choroid  is  most  frequently  associated 
with  coloboma  of  the  iris,  but  may  be  present  alone,  and 
be  found  in  one  or  both  eyes.  Other  evidences  of  arrested 
development  are  sometimes  met  with  in  the  cases  in  whicli 
this  condition  of  the  choroid  is  found,  as,  for  instance,  hare- 
lip and  cleft  palate.  A  more  frequent  concomitant  condition 
is  microphthalmos,  in  which  the  whole  eye  is  imperfectly 
developed. 
20 
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As  iu  the  case  of  many  other  defects  of  the  same  nature,  the 
occurrence  of  coloboma  of  the  iris  and  choroid  is  often  ascribed 
by  mothers  to  emotional  disturbances  experienced  during  preg- 
nancy most  frequently  to  their  having  been  impressed  by  the 
siaht  of  some  individual  who  has  been  blind,  or  exhibited  some 
deformity  in  the  region  of  the  eye.  How  far  such  beliefs  have 
any  foundation  in  fact,  it  is  impossible  in  the  present  state  of 
our  knowledge  to  say. 

The  true  coloboma  of  the  choroid  is  always  met  witli  down- 
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Fig.  91.— Coloboma  of  the  choroid  (inverted  image). 

wards,  or  downwards  and  inwards,  just  as  in  the  case  of  coloboma 
of  the  iris.  The  defect  is  usually  narrower  in  the  region  of  the 
papilla,  which  may  or  may  not  be  included  in  it,  and  broader 
towards  the  periphery.  When  a  coloboma  exists  hi  the  iris  as 
well,  the  two  may  be  continuous,  owing  to  a  defect  in  the  ciliary 
processes,  or,— and  this  appears  to  be  more  frequent,— they  may 
be  separated  by  a  bridge  of  normal,  or  apparently  normal,  ciliary 
structure;  the  anterior  ending  can  then  often  be  seen  on 
ophthalmoscopic  examination.  Sometimes  one  or  more  normally 
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pigmented  portions  of  the  choroid  bridge  across  the  coloboma 
which  is  thus  separated  into  two  or  more  portions.  In  such 
cases  the  defective  islets  may  be  broader  than  they  are  long. 
Occasionally,  too,  smaller  guttate  portions  are  seen  to  either  side 
of  the  main  defect. 

In  all  cases  the  retina  is  either  completely  absent,  or  only 
very  imperfectly  developed  in  the  region  of  the  coloboma. 
There  is  therefore  always  to  be  found,  except  apparently  in 
the  very  rare  cases  of  coloboma  in  the  region  of  the  macula, 
which  are  only  doubtfully  of  the  same  nature,  a  more  or  less 
complete  scotoma,  corresponding  in  extent  to  the  coloboma. 
Over  this  area  of  the  upper  portion  of  the  field  there  is  either 
absolute  blindness — that  is  to  say,  an  inability  to  distinguish 
the  strongest  light  from  darkness — or  a  certain  degree  of  per- 
ception of  light.  The  latter  seems  to  be  the  more  common. 
More  or  less  defect  of  vision  altogether  is  also  ahnost  invariably 
found  in  eyes  with  coloboma  of  the  choroid.  Besides  the  retina 
and  choroid,  the  sclera  is  also  not  altogether  free  in  some  cases 
from  participating  in  the  defect ;  it  is  thinned  and  occasionally 
staphylomatous. 

On  ophthalmoscopic  examination  a  brilliantly  white  reflec- 
tion is  seen  from  the  region  in  which  the  retina  and  choroid 
are  defective.  The  surface  of  the  coloboma  is  never  of  an 
equable  colour  throughout.  Here  and  there,  there  are  often  to 
be  seen  masses  of  pigment.  The  white  area,  too,  is  often  broken 
up  by  a  number  of  different  sized,  very  ill-defined,  faintly 
bluish,  spots,  corresponding  to  irregularities  in  the  sclera,  which 
is  laid  bare  by  the  absence  of  the  choroid,  and  the  reflection 
from  which  causes  the  marked,  almost  dazzling,  whiteness  which 
is  presented  by  the  ophthalmoscopic  picture  of  a  coloboma  of 
the  choroid. 

Vessels  are  also  seen  to  course  across  the  white  area  in 
different  directions.  These  are  both  ciliary  and  retinal  vessels. 
In  many  cases  of  coloboma,  only  fine  and  narrow  branches  of 
the  retinal  vessels  cross  the  coloboma,  and  in  some  there  is  an 
absence  of  retinal  vessels  altogether.  This  depends  entirely,  no 
doubt,  on  the  degree  to  which  the  defect  in  development  has 
involved  the  retinal  structures  which  lie  anterior  to  the  pigment 
layer.  There  is  no  difficulty  in  distinguishing  the  retinal 
from  the  cihary  vessels.    The  former  are  distinctly  seen  to  pass 
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over  the  sharp  margin  of  the  coloboma  as  they  come  from  the 
normal  portions  of  the  fundus ;  the  latter,  on  the  other  hand, 
may  be  seen,  after  coursing  over  the  defective  area,  and  some- 
times undergoing  anastomosis,  to  pass  on  towards  the  choroid 
at  the  margin  of  the  coloboma,  where  they  disappear  from  view. 
When  the  disc  is  included  in  the  coloboma,  it  may  retain  its 
normal  appearance,  but  it  is  more  often  so  altered  as  to  be 
barely  recognisable.  It  is  usually  very  much  enlarged,  hori- 
zontally oval  in  shape,  and  its  vessels  appear  to  spring  suddenly 
into  view  from  its  margin.    No  definite  structure  can  be  made 


EiG.  92, — Coloboma  at  macula. 


out  on  its  surface,  there  being  a  coloboma  of  the  nerve  sheath 
as  well.  A  parallactic  movement,  indicating  more  or  less 
staphyloma  of  the  sclera  in  parts,  or  aU  over,  may  usually  be 

detected.  . 

A  rare  form  of  coloboma,  in  which  the  defect  occupies  the 
region  of  the  macula  alone,  to  the  extent  it  may  be  of  only  two 
to^hree  diameters  of  the  papilla,  has  been  described  by  Streat- 
field  and  others.  Some  of  these  cases  have  probably  not  been 
true  colobomata,  but  mere  degenerative  inflammatory  changes- 
which  have  taken  place  in  intra-uterine  or  infantile  hfe.  Where 
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tlie  changes  are  bilateral  and  symmetrical,  with  clean-cut 
legular  margins,  as  in  a  case  which  came  iinder  my  own 
observation,  there  can  be  little  doubt  of  their  being  of  the  same 
nature  as  other  colobomata.  In  such  cases  there  is  apparently 
no  scotoma  to  be  found  corresponding  to  the  area  occupied  by 
the  coloboma. 

The  nature  of  all  forms  of  coloboma  of  the  choroid  is  not  as  yet 
satisfactorily  understood.  The  situation  occupied  by  the  defect,  cor- 
responding as  it  does  to  the  fissure  existing  in  foetal  life,  renders  it 
certain  that  the  coloboma  is  in  some  way  connected  with  that  fissure. 
As  the  fissure  only,  however,  involves  the  retina,  including  the  hexa- 
gonal pigment  cells  which  histo-genetically  belong  to  it,  we  should 
expect  to  find  the  choroid  intact,  and  only  a  coloboma  of  the  retina 
as  the  result  of  its  non-closure.  Moreover,  there  can  only  have  been 
a  complete  non-closure  in  cases  in  which  all  trace  of  the  retina  is 
absent  in  the  coloboma,  and  in  which  no  perception  of  light  exists 
over  the  area  in  the  field  of  vision  corresponding  to  it.  It  has  there- 
fore to  be  explained,  in  the  first  place,  why  the  choroid  participates  in 
the  abnormality ;  and  secondly,  why  such  a  definite  arrest  of  develop- 
ment takes  place  in  this  situation,  even  when  the  retmal  fissure  must 
be  supposed  to  have  closed.  In  the  cases  which  have  been  examined 
anatomically,  the  place  of  the  choroid  has  usually  been  found  to  be 
occupied  by  connective  tissue,  biit  there  is  no  evidence  to  show 
whether  this  has  been  of  a  cicatricial  formation  or  not.  All  that  can 
be  said  is — (1.)  That  when  an  arrest  of  development  leads  to  non- 
closure of  the  retinal  fissure,  the  underlymg  choroid,  as  well  as  the 
sclera  in  some  instances,  has  its  development  more  or  less  interfered 
with ;  and  (2.)  that  there  seems  to  be  a  tendency,  apart  from  the 
non-closure  of  the  fissure,  to  the  occurrence  of  defective  development 
of  all  the  coats  in  its  vicinity.  Whether  these  changes  are  the  residt 
of  intra-uterine  inflammation,  or  merely  of  some  circulatory  abnor- 
mality, cannot  be  said  with  any  degree  of  certainty.  The  first  is 
rendered  probable,  not  only  on  account  of  the  appearances  which 
have  been  met  with  anatomically,  but  also  from  experiments  per- 
formed by  Deutschmann  on  animals  in  which  destructive  processes 
produced  in  the  eyes  of  the  mother  have  led  to  defects  of  difierent 
kinds,  amongst  others  colobomata,  in  the  offspring.  The  etiology  of 
the  small  central  colobomata  is  still  more  uncertain.  In  the  true 
cases  the  vision  has  been  found  not  much  if  at  all  reduced.  In  one 
case  which  I  tested  by  Bjerrum's  method  (see  Chap.  L),  I  was  unable 
to  detect  any  visual  defect.  Possibly  there  may  be  some  light-sense 
defect,  but  so  far  as  I  am  aware  the  light-sense  has  never  been  tested 
in  these  cases.  As  it  is  certam  that  the  rods  and  cones,  or  the  prin- 
cipal percipient  elements  of  the  retma,  are  intact,  it  seems  probable 
that  the  hexagonal  cells  are  so  also,  but  they  are  evidently  devoid  of 
their  pigment.  Cases  occur  in  which  a  large  circular  staphyloma 
round  the  papilla  is  found  in  faultily  developed  eyes.    These  are 
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apparently  more  of  the  nature  of  colobomata  than  patches  of  sclero- 
choroiditis,  but  their  exact  etiology  is  also  unknown. 

Only  one  case  of  total  absence  of  the  choroid,  or  choroid- 
eremia,  has,  so  far  as  I  am  aware,  been  published.  Mauthner, 
who  observed  the  case,  describes  the  appearance  of  the  whole 
fundus  as  of  a  greenish-white  colour,  with  here  and  there  a 
patch  of  pigment.  The  retinal  vessels  could  be  seen  coursing 
over  the  whole  area.  The  defect  occurred  in  both  eyes,  but 
more  completely  in  the  one ;  in  it  the  vision  was  reduced  to 
■^jy,  and  a  marked  concentric  restriction  existed  in  the  field. 

Other  cases  of  congenital  restriction  of  the  field,  from  ex- 
tensive defects  in  the  choroid,  have  been  met  with  apart  from 
the  changes  produced  by  intra-uterine  choroiditis.  Thus,  Koenig 
has  published  a  case  in  which  this  symptom,  as  well  as  night- 
blindness,  was  very  marked,  and  the  ophthalmoscopic  examina- 
tion revealed  such  a  defective  development  of  the  chorio- 
capillaris  that  only  at  the  macula  and  immediately  surrounding 
region  was  there  any  reflex  from  the  fundus.  Such  cases  are 
all  probably  due  to  some  form  of  arrest  of  development  at  an 
early  age  of  foetal  life. 

Tubercle  of  the  Choroid. — Tubercle  occurs  in  two  forms  in 
the  choroid — as  miliary  tubercle  and  as  larger  tubercular  masses. 
The  first  form  is  acute,  and  always  secondary  to  tubercle  in 
other  organs.  The  second  is  chronic,  and  may  or  may  not  be 
primary.  A  distinction  between  the  two  varieties  has  been 
made  by  calling  the  former  tuberculosis  of  the  choroid  and  the 
latter  tubercular  choroiditis,  but  inasnmch  as  both  give  rise  to 
inflammatory  changes  in  the  choroid,  this  distinction  is  hardly 
a  very  correct  one. 

Chronic  Tubercular  Choroiditis  has  no  doubt  long  been  ob- 
served, cases  evidently  of  this  nature  having  been  described  by 
the  older  writers  on  diseases  of  the  eye,  but  it  is  only  recently 
that  such  cases  have  been  properly  distinguished  from  other 
forms  of  tumour.  The  disease  is  certainly  very  rare,  much  more 
so  than  miliary  tuberculosis.  It  occurs  in  one  eye  only,  and 
appears  sooner  or  later  to  be  associated  with  similar  disease  of 
t,he  brain,  which  ends  fatally.  The  ophthalmoscopic  changes  hi 
the  cases  which  have  been  described  have  been  those  of  optic 
neuritis  (obliteration  of  the  margin  of  the  disc,  great  engorge- 
ment of  veins,  with  sometimes  h£emorrhages  here  and  there), 
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and  a  ditfuse  white  coloration  over  a  large  portion  of  the 
fundus. 

The  appearance  of  such  a  tubercular  mass  in  the  choroid 
would  probably  not  be  difficult  to  diagnose  if  attention  were 
paid  to  certain  points  which  Horner  has  shown  distinguish  it 
from  sarcoma  on  the  one  hand  and  purulent  choroiditis  on  the 
other — the  two  affections  which  it  most  closely  resembles.  From 
sarcoma  it  may  be  distinguished  by  the  flatness  of  the  swelling 
when  compared  with  its  superficial  extent,  by  its  more  or  less 
distinctly  nodular  form,  and  by  the  evident  inflammatory  changes 
in  the  surrounding  choroid.  Again,  it  differs  from  purulent 
choroiditis  in  there  being  no  history  of  injury  or  any  condition 
Kkely  to  set  up  that  form  of  inflammation,  as  well  as  by  its 
being  relatively  more  circumscribed  and  localised  to  one  portion 
of  the  choroid. 

Miliary  Tuherdc  of  the  Choroid  is  only  met  with  in  cases 
where  there  is  already,  or,  much  less  frequently,  where  there  is 
afterwards  an  infiltration  of  the  same  nature  in  a  number  of 
other  organs.  It  is  probably  never  met  with  where  tubercles 
exist  in  the  lungs  alone,  and  it  appears  to  have  no  definite 
relation  to  tubercular  meningitis.  In  fact  it  is  if  anything  least 
common  in  children  in  whom  tubercular  meningitis  is  most 
common.  "  It  seems  as  if,"  as  Horner  remarks,  "  the  pia  cerebri 
takes  the  place  of  the  pia  oculi."  Of  thirty-nine  cases  of 
tubercle  of  the  choroid,  for  instance,  examined  by  Litten, 
tubercular  inflammation  of  the  brain  or  its  membranes  was  only 
present  in  nineteen.  Litten's  thirty -nine  cases  occurred  in  fifty- 
two  cases  of  general  tuberculosis.  As  the  tubercles  are  late  of 
appearing  in  the  choroid,  or  at  all  events  of  becoming  visible  on 
ophthalmoscopic  examination,  it  is  seldom  that  the  diagnosis  of 
tuberculosis  is  facilitated  by  the  use  of  the  ophthalmoscope. 
When  present  they  afford  a  positive  proof  of  the  tubercular 
nature  of  the  general  disease,  while  their  absence  does  not 
exclude  the  possibility  of  it.  It  appears  certain  that  choroidal 
tubercles  occur  at  some  time  or  other  in  by  far  the  greatest 
proportion  of  all  cases  of  miliary  tuberculosis,  but  they  probably 
do  not  invariably  appear,  as  was  at  one  time  supposed,  on  the 
authority  of  Cohnheim,  to  be  the  case. 

A  considerably  larger  number  of  tubercles  is  always  found 
on  post-mortem  examinations  than  can  be  seen  with  the  ophthal- 
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moscope.  This  is  due  partly  to  some  being  located  in  that  part 
of  the  choroid  which  cannot  be  seen,  but  mainly  to  their  not  all 
having  advanced  so  far  as  to  destroy  the  pigment  layer  in  front 
of  them.  When  making  their  appearance,  as  they  often  do, 
only  a  few  days  or  hours  before  death,  the  state  of  the  patient 
may  be  such  as  to  render  an  ophthalmoscopic  examination 
difficult. 

Mihary  tubercles  generally  occur  in  both  eyes,  sometimes 
only  in  one,  and  always  in  the  choroid, — never  in  the  retina. 
Their  number  varies  from  one  to  ten  or  more,  though  most 
frequently  three  to  six  seems  to  be  the  number  seen.  They  are 
always  round,  and  vary  in  size  from  one-sixth  the  diameter  of 
the  papilla,  or  less,  to  quite  half  as  big  again  as  the  papilla. 
Usually  the  size  in  any  particular  case  is  from  one-tliird  to  two- 
thirds  the  diameter  of  the  papilla.  The  larger  ones  are  distinctly 
prominent.  Their  colour  is  very  distinctive,  and  makes  it  all 
but  impossible  to  confound  them  with  any  other  form  of  patch 
characteristic  of  the  numerous  varieties  of  disseminated  choroid- 
itis. The  regular  transition  from  the  normal  red  colour  of  the 
fundus  at  their  margins  to  the  dull  yellowish-wliite  at  their 
centre,  according  as  the  overlying  pigment  is  more  or  less 
completely  pushed  aside,  was  first  described  by  von  Graefe  and 
Leber. 

The  following  description  is  taken  from  Horner,  whose  ex- 
perience of  such  cases  was  unusually  large : — 

"The  centre  is  a  dull  Avhite,  and  this  is  surrounded  by  a  dull  rose- 
coloured  area ;  even  in  that  part  which  exhibits  no  prominence  quite 
at  its  margin  the  red  colour  of  the  fundus  has  still  a  dun  appearance 
(behaucht).  Nowhere  is  there  the  sheen  and  the  bluish  tendinous 
discoloration  of  exposed  sclera,  or  the  bluish-white  colour  of  small 
detachments  of  the  retina,  caused  by  acute  exudations  or  large  hfemor- 
rhages.  Inflammatory  patches  of  fresh  disseminated  choroiditis  may 
also  be  readily  distinguished  from  them.  When  these  patches  are  of 
quite  recent  date,  the  thinning  of  the  pigment  which  they  occasion 
causes  them  to  assume  the  appearance  of  flat  irregularly-shaped  spots 
of  a  brown  and  yellowish-red  colour.  The  diagnosis  of  older  patches 
is  rendered  certam  by  the  exposure  of  larger  choroidal  vessels,  and 
of  the  sclera  as  well  as  the  pigmentation  of  the  margin.  In  this  case, 
too,  the  margins  are  much  more  sharply  defined  than  in  the  choroidal 
tubercle,  which  is  always  surrounded  by  a  narrow  ring  of  slight  opacity 
where  it  merges  into  the  saturated  red  of  the  fundus.  The  absence  of 
any  nodular  prominence  readily  demonstrated  m  the  larger  tubercules, 
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especially  where  a  retinal  vessel  crosses  it,  is  of  importance  in  the 
connection  with  the  differential  diagnosis." 

Miliary  tubercles  in  the  choroid  give  rise  to  no  pain,  and 
apparently  to  no  interference  with  vision.  Anatomically  they 
are  like  the  same  structures  elsewhere,  composed  of  lymphoid 
cells,  amongst  which  are  giant  cells  and  fattily  degenerated 
detritus. 

H-EMOKKHAGES  IN  THE  Choeoid. — Haemorrhages  are  hardly 
of  such  frequent  occurrence  in  the  choroid  as  in  the  retina. 
The  smaller  choroidal  hsemorrhages  may  usually  be  distinguished 
from  the  retinal  ones  by  their  not  having  any  constant  relation 
to  retinal  vessels,  and  not  presenting  the  flame-shaped  appear- 
ance which  characterises  retinal  hemorrhages  in  the  nerve  fibre 
layer.  When  near  the  retinal  vessels,  these  vessels  may  some- 
times be  seen  to  pass  over  them.  Large  choroidal  h£emorrhages 
again  are  not  bordered  by  such  a  sharp  and  regular  line  as  is  the 
case  in  large  retinal  extravasations.  It  is  impossible,  however, 
with  certainty  to  diagnose  the  position  of  a  hemorrhage,  as  those 
originating  in  the  deep  layers  of  the  retina,  when  of  moderate 
size,  exactly  resemble  haemorrhages  in  the  choroid.  There  is 
more  tendency,  possibly  owing  to  the  resistance  offered  by  the 
lamina  vitrea,  for  a  choroidal  haemorrhage  to  pass  backwards 
than  into  the  retina.  When  large,  the  choroid  may  be  detached 
by  the  accumulation  of  blood  between  it  and  the  sclera. 

Choroidal  haemorrhage  may  be  of  traumatic  or  idiopathic 
origin,  and,  according  to  its  extent  and  the  position  of  the 
extravasation,  may  interfere  greatly  or  not  at  all  with  sight. 
On  absorption  it  leaves  an  atrophic  patch,  bordered  with  pig- 
ment. 

The  presence  of  haemorrhages,  when  idiopathic,  should  direct 
attention  to  the  general  health,  and  the  treatment  be  regulated 
according  to  the  result  of  such  an  examination.  Diseases  of 
the  blood  and  the  blood-vessels  are  the  cause,  as  in  the  case  of 
the  retina,  of  choroidal  apoplexy.  In  all  cases  perfect  rest 
should  be  given  to  the  eyes,  by  avoidance  of  strong  light,  or  of 
any  occupation  necessitating  vision  near  at  hand. 

Ossification  of  the  Choeoid.— In  eyes  which  have  been 
lost  by  irido-cyclitis,  accompanied  by  an  exudative  choroiditis, 
true  bone  may  in  the  course  of  time  be  found  in  the  choroid. 
Only  the  inner  layers,  chorio-capillaris,  &c.,  of  the  membrane. 
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are  as  a  rule  involved,  and  it  appears  certain  that  the  bone 
forms  in  the  exuded  matter,  and  not  in  the  original  tissues  of 
the  choroid.  The  process  of  bone-formation  in  this  situation 
has  been  studied  by  several  observers,  and  all  stages  of  ossifica- 
tion have  been  met  with.  It  does  not  in  any  way  differ  from 
the  development  which  takes  place  from  periosteum.  The  plate 
of  bone  formed  takes  the  shape  of  the  inner  surface  of  the  eye. 
The  formation  always  ceases  at  the  border  of  the  cihary  body  in 
which  ossification  never  takes  place.  There  is  therefore  evidently 
some  intimate  connection  between  this  pathological  structure 
and  the  chorio-capillaris.  I  have  always  seen  an  aperture  left 
at  the  position  of  entrance  of  the  optic  nerve,  but  it  is  said 
sometimes  to  be  bridged  over.  Frequently  calcareous  degenera- 
tion is  found  in  the  cataractous  lens  at  the  same  time. 

As  the  eyes  in  which  ossification  takes  place  are  otherwise 
destroyed,  the  diagnosis  can  only  be  made  by  feeling  a  hard 
body,  which  ends  sharply  some  4  or  5  millimetres  from  the 
corneo-scleral  margin. 

A  probably  altogether  unique  case  is  recorded  by  Laqueur,_  where, 
after  the  extraction  of  a  dislocated  calcareous  lens,  the  media  were 
fouud  to  be  sufficiently  clear  to  admit  of  ophthalmoscopic  examination. 
In  this  case  no  trace  could  be  seen  of  the  optic  nerve  or  retinal  vessels, 
and  the  appearance  altogether  seems  to  have  been  very  remarkable, 
while  the  diagnosis  of  ossification  of  the  choroid  was  confirmed  by 
palpation. 

The  presence  of  bone  in  the  choroid  is  not  of  itself  sufficient 
to  give  rise  to  sympathetic  inflammation,  but  cases  are  on  record 
in  which  this  result  has  followed  an  irido-cyclitis  evidently  set 
up  by  irritation  from  the  ossified  spicula.  The  treatment  should 
therefore  be  to  remove  such  eyes,  as  they  may  at  any  time  be 
the  cause  of  serious  mischief. 

Detachment  of  the  Choroid.— The  choroid  may  be  de- 
tached from  the  sclera  either  traumatically  or  idiopathically, 
and  by  blood,  by  a  serous  effusion,  or  by  tumour.  ^  Detachment 
of  the  choroid  is  very  uncommon,  or  at.  all  events  it  is  not  fre- 
quently diagnosed.  I  do  not  .know  that  there  are  any  signs 
which  would  enable  one  at  once  to  diagnose  this  condition  from 
ophthalmoscopic  examination  alone.  Cases  in  which  detach- 
ment of  the  choroid  takes  place  from  any  cause,  appear  generally 
to  end  in  shrinking  of  the  globe. 
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I  have  only  once  met  with,  a  case  of  simple  detachment  of  the 
choroid,  and  it  was  only  after  repeated  examination  that  the  diagnosis 
coukl  be  made.  The  appearance  was  exactly  that  presented  by  a 
tumour  situated  below  and  detaching  the  retina,  bnt  the  tension  was 
low,  and  no  change  took  place,  except  further  reduction  of  tension 
during  six  months.  The  detachment  stretched  out  to  the  middle  of 
the  vitreous  chamber,  and  came  in  the  way  of  the  direct  line  of  vision, 
so  that  no  central  fixation  was  possible.  There  was  no  tremulousness 
of  the  detachment,  such  as  there  would  certainly  have  been  had  the 
retina  alone  been  detached  to  that  extent,  and  there  was  an  absence 
of  transparency. 

While,  therefore,  the  differential  diagnosis  between  simple  detach- 
ment of  the  retina  alone,  and  detachment  of  both  retina  and  choroid, 
could  be  made  with  tolerable  certainty  at  once,  the  course  of  the  case 
had  to  be  watched  before  the  other  condition  liable  to  be  confounded 
with  detachment  of  the  choroid,  viz.,  tumour  growth  behind  the 
retina,  could  be  excluded. 

Diseases  of  the  Vitreous. 

Acute  purulent  inflammation  of  the  vitreous  may  occur  when 
a  foreign  body  is  lodged  in  it,  or  it  may  be  the  result  of  the 
extension  of  some  inflammation  from  other  parts  of  the  eye. 
The  question  as  to  whether  the  inflammatory  products  in  the 
first  case  are  derived  from  alterations  in  the  elements  of  the 
vitreous  itself,  or  have  migrated  from  the  vessels  in  the  sur- 
rounding coats  towards  the  focus  of  irritation,  is  one  which  has 
been  much  disputed,  and  which  can  hardly  yet  be  said  to  have 
been  definitely  settled. 

From  a  clinical  point  of  view  the  true  pathology  of  purulent 
hyalitis,  as  it  is  called,  is  a  matter  of  little  importance.  When 
once  it  is  set  up,  the  eye  is  doomed,  and  eventually  shrinks. 
This  result  may  or  may  not  be  preceded  by  perforation  with 
evacuation  of  more  or  less  pus.  Less  severe  inflammatory  con- 
ditions of  the  vitreous  probably  never  occur  primarily,  but  are 
always  associated  with  inflammation  of  the  ciliary  body,  choroid, 
or  retina.  Clinically,  however,  the  condition  of  the  vitreous  is 
often  the  point  of  primary  importance,  as  the  passage  of  inflam- 
matory exudation  into  its  substance  gives  rise  to  opacities  on  the 
existence  of  which  the  defect  of  vision  accompanying  the  parti- 
cular inflammation  may  mainly  or  entirely  depend.  This  is,  for 
mstance,  the  case  in  cyclitis,  and  to  some  extent  also  in  syphilitic 
choroiditis. 
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Opacities  of  the  Vitreous  may  be  stationary  or  floating. 
They  may  be  diffuse  and  punctiform,  filamentous,  flaky,  or  mem- 
branous. These  opacities  are  mainly  of  two  kinds,  either  due,  as 
has  already  been  said,  to  products  of  inflammatory  exudation 
from  the  vascular  membranes  of  the  eye,  or  to  the  effusion  of 
blood  from  the  vessels  of  these  membranes.  It  seems  probable, 
though  it  is  by  no  means  certain,  that  some,  too,  are  caused  by 
coagSlations  of  some  of  the  elements  of  the  vitreous  itself.  As 
the  result  of  exudation  into  the  vitreous,  the  gelatinous  con- 
sistency which  it  normally  presents  may  become  altered.  The 
vitreous  may  thus  become  abnormally  liquid  or  abnormally 
condensed  and  shrunken. 

Liquefaction  of  the  vitreous,  or  syncUsis,  may  be  diagnosed 
with  certainty  when  that  body  contains  more  or  less  organised 
opacities  which  alter  their  position  with  great  rapidity  with  the 
movements  of  the  eye.  There  is  often  at  the  same  time 
increased  intraocular  tension.  All  cases  of  liquefaction  of  the 
vitreous  are  not  accompanied  by  floating  opacities.  Thus  we 
may  see  cases  where  the  lens  has  been  dislocated  into  the 
vitreous,  and  in  which,  from  its  free  movement  up  and  down 
with  the  movements  of  the  eye,  a  tolerably  complete  liquefac- 
tion of  the  vitreous  may  be  inferred  to  have  taken  place,  m 
which  the  transparency  is  complete. 

The  diagnosis  of  liquefaction  without  opacity  may  be 
extremely  difficult.  The  cause  of  such  cases,  too,  is  often 
very  far  from  being  apparent.  Sometunes  it  appears  to  be  a 
senile  change  unconnected  with  any  choroidal  disease.  Con- 
densation of  the  vitreous,  on  the  other  hand,  may  generaUy  be 
inferred  when,  along  with  more  or  less  diffuse  and  stationary 
opacity,  there  is  considerable  diminution  in  the  tension  of  the 
eye.  This  condition  is  likely  sooner  or  later  to  be  comphcated 
by  detachment  of  the  retina. 

Diffuse  opacity  of  the  vitreous  is  a  most  constant  accom- 
paniment of  syphilitic  choroiditis.  On  careful  ophthalmo- 
scopic examination  by  the  direct  method,  the  opacity  which  at 
first  sight  appears  to  be  diffused,  and  to  veil  the  image  received 
of  the  back  of  the  eye,  may  be  seen  to  be  punctiform,  or  made 
up  of  a  number  of  closely  packed  dots.  It  will  be  seen,  too,  not 
to  occupy  the  whole  vitreous,  but  to  be  confined  to  certain 
layers,  so  that  to  be  properly  seen  certain  distances  must 
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generally  be  focussecl  for.  "When  this  is  done,  the  opacities  will 
often  be  seen  to  sway  about,  so  that  they  are  in  reality  hardly 
as  stationary  as  might  be  supposed  on  superficial  examination. 
They  cause,  as  a  rule,  greater  visual  disturbance  than  circum- 
scribed floating  opacities,  the  patient  complaining  of  a  cloudiness 
over  the  objects  seen,  and  often  at  the  same  time  describing  this 
veiled  appearance  as  swaying  to  and  fro.  Su.ch  diffuse  opacities 
frequently  partly  clear  away,  and  then  reappear  several  times 
during  the  course  of  the  disease.  They  usually  last  for  months, 
and  eventually,  as  a  rule,  entirely  disappear. 

Exudations  or  effusions  sometimes  coagulate  into  filamentous 
or  thread-like  opacities,  which,  when  freely  moveable,  are  pro- 
jected by  the  patient  as  snake-like  black  objects,  which  are 
continually  changing  their  shape  and  position.  No  doubt  such 
opacities  have  given  rise  to  most  of  the  stories  of  thread-worms 
in  the  eye.  Membranous  opacities  are  either  free  and  capable 
of  assuming  as  they  fold  or  unfold  numberless  forms,  or  they 
are  fixed  to  the  papilla  or  retina  and  only  sway  about  at  their 
free  ends.  Sometimes  these  fixed  membranes  contain  newly 
formed  blood-vessels,  but  the  vascularisation  of  vitreous  opa- 
cities is  rare.  A  few  cases  have  been  recorded  where  a  fine 
membranous  network  containing  blood-vessels  has  been  seen 
in  the  vitreous  chamber,  apparently  the  remains  of  a  foetal 
condition. 

Prolapsed  portions  of  vitreous  often  become  rapidly  vascu- 
larised,  but  this  does  not  extend  in  depth,  and  on  the  whole 
there  is  little  tendency  to  opacity  following  accidents  leading  to 
loss  of  vitreous,  provided  they  are  not  followed  by  inflammation 
of  the  margins  of  the  wound  in  the  ocular  coats. 

Bleeding  into  the  vitreous  takes  place  owing  to  the  giving 
way  of  some  vessel  or  vessels  in  the  retina,  choroid,  or  ciliary 
processes.  This  may  be  the  result  of  a  trauma  or  be  due  to 
a  diseased  state  of  the  vessels  or  of  the  blood.  When  the 
patient  observes  the  pretty  sudden  defect  of  vision  which  such  a 
bleeding  may  occasion,  the  cloud  or  veil  which  comes  in  front  of 
his  sight  often  appears  at  the  same  time  of  a  distinctly  red 
colour.  When  the  extravasation  is  very  large,  the  blindness 
produced  is  pretty  complete.  Most  commonly,  however,  only 
a  portion  of  the  vitreous  is  infiltrated  with  blood,  and  as  this 
gradually  gravitates  to  the  most  dependent  part,  the  cloud  is- 
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generally  thickest  in  the  upper  portion  of  the  field  of  vision. 
Great  differences  are  observed  in  the  rate  of  absorption  of  the 
blood,  differences  which  depend  partly  upon  the  age  of  the 
patient,  and  partly,  no  doubt,  also  vipon  the  state  of  the  choroid 
and  retina.  Often  a  particularly  slow  absorption  is  really  due 
to  the  recurrence  every  now  and  then  of  haemorrhages  before  a 
previous  extravasation  has  properly  cleared  away.  The  absorp- 
tion may  be  complete,  or  may  leave  flaky  or  irregularly  shaped 
opacities,  which  alter  their  position  with  the  movements  of  the 
eye  with  more  or  less  rapidity,  according  to  the  fluidity  of  the 
vitreous.  These  masses  are  projected  as  black  spots  or 
patches,  which  appear  to  be  constantly  in  motion  when  the  eye 
is  moved,  and  to  fly  or  move  slowly  upwards  when  it  has  come 
to  rest. 

When  the  normal  consistency  of  the  vitreous  has  not  been 
much  interfered  with,  the  blood-clot  may  keep  pretty  much  in 
the  line  of  sight,  and  thus  greatly  interfere  with  vision ;  or  the 
patient  may  learn,  by  making  a  sudden  movement  of  the  eye, 
to  get  rid  of  the  dense  cloud  for  a  few  seconds,  and  thus  be 
able  to  read,  but  he  has  constantly  to  repeat  this  movement, 
and  is  only  able  to  make  out  a  few  words,  it  may  be,  at  a  time. 
This  symptom  of  only  being  able  to  read  a  few  words  at  a  time, 
without  suddenly  altering  the  direction  of  fixation,  is  indeed,  as 
von  Graefe  first  pointed  out,  quite  characteristic  of  a  large 
blood-clot  in  the  vitreous. 

To  ophthalmoscopic  examination  the  blood  lying  in  the 
vitreous  appears  red  if  fresh,  and  black  if  some  time  has  elapsed 
since  the  extravasation  took  place.  Often  the  red  reflex  from 
the  surface  of  the  blood-clot  may  be  made  out  by  oblique 
illumination,  if  the  eye  be  brought  as  nearly  as  possible  in  a 
line  with  the  convex  lens.  It  appears  to  be  more  connnonly 
the  choroid  than  the  retina  from  which  extravasations  of  blood 
take  place  into  the  vitreous.  At  all  events,  subsequent  changes 
are  most  frequently  found  in  that  coat.  Bleeding,  too,  often 
takes  place  from  the  anterior  portions  more  readily  than  from 
the  more  central,  a  circumstance  which  is  of  importance  in  so 
far  as  the  vision  is  on  this  account  less  likely  to  be  permanently 
damaged. 

A  somewhat  rare  but  distinct  clinical  tj^pe  of  disease  is  the 
occurrence  of  repeated  haemorrhage  into  the  vitreous  in  young 
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individuals.  This  affection  was  first  described  by  von  Graefe  in 
1854,  and  has  since  hardly  received  the  attention  it  deserves. 
It  seems  to  result  from  periodic  capillary  hypersemia  of  the 
choroid,  and  in  some  way  to  be  associated  with  irritation  in 
the  generative  organs.  It  is  most  common  in  young  men 
of  effeminate,  as  distinguished  from  active  or  energetic 
temperament. 

Ill  the  cases  which  have  been  observed  in  girls,  the  connection 
with  menstrual  disorder  has  been  most  marked.  Thus  Dor  has  re- 
corded a  case  where  the  tendency  to  repeated  hsemorrhage  into  the 
vitreous  ceased  hi  a  young  girl  as  soon  as  menstruation  had  become 
established.  Epistaxis  is  a  common  accompaniuient,  or  rather  is  met 
with  at  other  times  in  cases  m  which  there  is  this  tendency  to  hsemor- 
rhage into  the  eye.  As  there  is  never  found  to  be  any  diathesis  which 
might  account  for  an  altered  condition  of  the  blood,  it  seems  probable 
that  the  true  pathology  is  more  of  the  nature  of  a  neurosis.  On  this 
point  Eales,  who  has  observed  a  number  of  cases,  remarks,  "from  the 
character  of  the  hsemorrhage,  and  from  the  evidence  of  local  variations 
of  circidation,  and  from  the  slow  pulse,  constipation,  flushing  of  the 
face,  headache,  and  puffiness  and  discoloration  of  the  eyes,  I  am 
inclined  to  attribute  this  combination  of  conditions  to  a  neurosis 
aflfecthig  both  the  circulatory  organs  and  the  digestive  system,  leading 
on  the  one  hand  to  partial  inhibition  of  the  muscular  movements  of 
the  bowels,  and  to  a  vasomotor  contraction  of  the  vessels  of  the 
alimentary  canal,  with  inhibition  of  its  secretory  functions,  thereby 
causing  dyspepsia,  constipation,  malnutrition ;  and  on  the  other  hand, 
to  a  compensatory  dilatation  of  the  systemic  capillaries,  especially 
those  of  the  head,  and  in  these  cases  of  the  retina  causing  over- 
distension of  the  venous  system  and  systemic  capillaries,  with  liability 
to  rupture  on  the  occurrence  of  any  intensifying  cause.  Hence  the 
headache,  the  epistaxis,  the  retinal  htemorrhages,  and  the  tortuosity 
and  fulness  of  the  retinal  vessels  and  temporal  artery."  Often  both 
eyes  may  be  affected,  but  probably  rarely  if  ever  at  the  same  time. 
There  seems  to  be  no  greater  tendency  to  the  bleeding  taking  place  in 
the  one  eye  than  in  the  other,  though  in  the  cases  recorded  by  Eales 
the  left  was  most  frequently  affected.  It  seems  probable,  too,  from 
his  cases  that  the  hsemorrhage  may  sometimes  come  from  the  retma. 
This  view  is  also  entertained  by  Leber,  or  was  at  all  events  in  1876 
at  the  time  of  pubhcation  of  his  great  work  on  the  diseases  of  the 
retnia.  He  gives,  indeed,  a  drawing  of  such  retinal  hsemorrhage  in  a 
case  observed  by  Weber.  The  ophthalmoscopic  appearances  met  with 
m  most  cases,  however,  on  the  clearing  away  of  the  blood  in  the 
vitreous,  which  have  been  well  described  by  jSTieden,  leave  no  doubt 
that  the  extravasation  usually  takes  place  from  the  choroid.  It  is 
remarkable,  indeed,  how  often  one  sees  retinal  hseuiorrhages  without 
any  extravasation  into  the  vitreous.    It  would  appear  that  the  cases 
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in  which  the  origin  of  the  hfemorrhage  is  retinal  are  likely  to  go  on  to 
glaucoma. 

In  some  cases  recovery  is  eventually  complete,  though  when 
there  have  been  repeated  attacks  this  is  not  generally  the  case. 
It  appears  possible  that  some  may  proceed  to  the  formation  of 
connective  tissue  bands  on  the  retina,  and  thus  be  the  beginning 
of  retinitis  proliferans. 

A  peculiar  form  of  vitreous  opacity,  which  gives  rise  to  a 
very  beautiful  ophthalmoscopic  appearance,  is  that  caused  by 
the  accumulation  of  cholesterine  and  other  crystals  in  the 
vitreous.  As  at  the  same  time  the  vitreous  is  liquid,  this  con- 
dition has  received  the  name  of  synchisis  scintillans,  from  the 
glistening  caused  by  the  reflection  of  light  from  the  surfaces  of 
the  crystals.  On  ophthalmoscopic  examination  the  glittering 
spots,  which  have  much  the  appearance  of  small  particles  of 
gold  suspended  in  a  fluid,  are  seen  to  dance  about  with  the 
slightest  movement  of  the  eye. 

Whether  these  crystals  are  the  result  of  fatty  and  other 
degenerative  changes  which  take  place  in  the  elements  of  the 
vitreous  itself,  or  of  similar  changes  in  substances  which  have 
passed  into  it  from  the  choroid,  does  not  seem  very  clear.  The 
first  origin  is  not  improbable,  from  the  fact  that  often  no  other 
changes  are  to  be  seen  in  the  eye,  and  the  vision  is  not  much 
reduced. 

The  condition  is  one  met  with  almost  exclusively  in  old 
people.  When  found  in  younger  eyes  it  is  usually,  if  not  invari- 
ably, secondary  to  some  serious  alterations  which  have  very 
much  impaired  the  sight.  It  often  remains  stationary  for  years, 
and  does  not  admit  of,  or  indeed  call  for,  any  treatment. 

The  prognosis  in  cases  of  vitreous  opacity  depends  on  the 
extent  to  which  the  organisation  of  the  opacities  has  gone. 
When  the  eye  is  otherwise  healthy,  even  opacities  which  have 
lasted  for  several  months  may  eventually  disappear.  When  the 
vitreous  is  very  liquid,  especially  if,  at  the  same  time,  there  are 
extensive  choroidal  changes,  the  condition  is  likely  to  remain 
stationary,  or  at  all  events  not  to  improve. 

The  treatment  has  mainly  to  be  directed  against  the  cause 
of  the  opacities,  so  far  as  that  can  be  discovered.  The  constant 
electrical  current  has  been  said  to  promote  absorption  even  of 
floating  opacities.    This  treatment  does  not  seem  to  have  been 
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miich  employed,  and  is  no  doubt  utterly  without  effect.  Other 
more  trustworthy  methods  of  promoting  absorption  should  be 
tried,  such  as  pilocarpine  injections,  wet  packing,  &c. 

Persistent  Hyaloid  Artery. — In  the  embryo  an  artery 
passes  from  the  central  artery  of  the  retina  to  the  back  of  the 
lens,  where  it  divides  into  a  network  of  vessels  destined  for  the 
nourishment  of  the  lens.  This  disappears  altogether  before  the 
end  of  foetal  Hfe,  but  the  transparent  sheath  by  which  it  is 
surrounded  persists,  and  forms  the  so-called  central  canal  which 
was  discovered  by  Stilhng.  This  canal  is  probably  of  some 
importance,  either  in  connection  with  the  nourishment  of  the 
lens  or  the  removal  of  effete  products  from  the  vitreous  chamber. 
Very  rarely  more  or  less  pronounced  rudiments  of  the  artery 
remain.  In  such  cases  an  opaque,  usually  somewhat  tortuous, 
cord  can  be  seen  with  the  ophthalmoscope  to  stretch  from  the 
centre  of  the  papilla  forwards  to  the  back  of  the  lens.  Some- 
times there  is  at  the  same  time  some,  other  persistence  of  a 
foetal  structure,  such  as  remains  of  the  pupillary  membrane,  &c., 
and  the  vision  is  generally  not  of  normal  acuity. 

Cysticercus  in  the  Vitreous.— The  presence  of  a  cysti- 
cercus  in  the  eye  is  altogether  an  extremely  rare  occurrence 
in  this  coimtry.  The  disease  is  met  with  tolerably  frequently  in 
North  Germany;  in  Berlin,  for  instance,  according  to  some 
statistics,  once  in  about  every  five  hundred  cases  treated  in  the 
ophthalmic  hospitals.  Its  development  takes  place  between 
the  retina  and  the  choroid,  and  gives  rise  to  detachment  of  the 
retma.  At  this  stage  it  is  ahnost  always  possible  from  the 
colour  and  shape  to  diagnose  the  cause  of  the  detachment. 
Later  on  perforation  of  the  retina  takes  place,  and  the  parasite 
passes  into  the  vitreous.  So  long  as  the  vitreous  retains  its 
transparency  the  vesicle  can  be  distinctly  seen,  and  its  nature 
diagnosed  by  the  movements  of  the  neck,  which  at  times  is 
pushed  out  and  retracted.  Indeed,  the  appearance  of  a  round 
and  freely  movable  vesicle  is  of  itself  sufficiently  distinctive. 
The  vitreous  becomes  sooner  or  later  turbid  owing  to  the  setting 
up  of  irido-cycHtis,  and  the  diagnosis  may  thus  be  rendered 
difficult  or  impossible.  If  left  alone  the  inflammatory  changes 
to  which  it  gives  rise  lead  to  destruction  of  the  eye. 

The  treatment  therefore  consists  in  attempting  to  remove 
the  cysticercus.     Such  operations  have  been  frequently  per- 
21 
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formed,  cand  with  very  great  success.    Vision  is  not  always 
preserved,  but  in  most  cases,  at  all  events,  the  eye  comes  to 
rest  without  shrinking,  and  without  the  necessity  for  enuclea- 
tion.    The   best  chances  are  presented  by  cases  in  which 
the  vesicle  is  still  sub-retinal.    The  success  of  an  operation 
depends  greatly  on  the  correctness  with  which  the  position 
occupied  by  the  cysticercus  can  be  localised.    When  at  the 
back  of  the  eye  it  suffices,  according  to  Alfred  Graefe,  to 
determine  how  many  diameters  of  a  papilla  the  vesicle  lies 
from  the  disc.    In  other  situations  he  makes  use  of  a  specially 
constructed  localising  ophthalmoscope,  which  enables  him  to 
calculate  with  sufficient  accuracy  its  distance  from  the  corneal 
margin.    Of  forty-five  cases  operated  upon  by  him,  twenty  were 
completely  successful.    One  case  is  recorded  by  Hansen  Grut, 
in  wliich  extraction  of  the  parasite  from  the  vitreous  was 
followed  by  the  retention  of  full  normal  visual  acuity.  Two 
different  cysticerci  have  occasionally  been  met  with  in  the 
same  eye,  but  there  a^Dpears  to  be  no  record  of  both  eyes  ever 
having  been  affected. 

Detachment  of  the  Vitreous.  —  The  \atreous  may  be 
detached  from  its  connection  with  the  retina  by  a  blow,  or 
as  the  result  of  exudation  taking  place  slowly,  as  in  cases  of 
sclero-choroiditis  posterior.  The  space  left  is  then  permanently 
occupied  by  fluid  in  which  there  may  or  may  not  be  small 
floating  opacities.  The  condition  is  no  doubt  frequent  in  the 
higher  degrees  of  myopia  with  bad  vision,  also  as  a  forerunner 
of  many,  if  not  all,  cases  of  detachment  of  the  retina ;  but  there 
do  not  appear  to  be  any  constant  signs  by  which  it  can  be 
diagnosed  with  certainty. 


CHAPTER  IX. 


FOEEIGN  BODIES  IN  THE  EYE. 

Foreign  Bodies  in  the  Anteriok  Chamber. — A  foreign  body 
may  enter  the  anterior  chamber  by  passing  directly  through  the 
cornea,  and  this  is  much  the  more  common  way ;  or  it  may  reach 
this  position  after  penetrating  through  the  iris  or  lens,  entering 
the  eye  through  the  sclera.  The  wound  in  the  cornea  is 
generally  in  its  lower  half,  as  the  upper  is  mostly  covered  by 
the  lid,  but  it  sometimes  happens  that  the  lid  is  perforated 
before  the  cornea.  In  that  case,  however,  the  force  of  propulsion 
mostly  carries  the  body  deeper  into  the  eye,  lodging  it  in  the 
vitreous,  or  choroid,  or  sclera,  or  even  in  the  orbit  beyond. 

The  presence  of  a  foreign  body  in  the  anterior  chamber  may 
cause  more  or  less  severe  inflammation  of  the  iris  and  adjacent 
parts,  leading  in  the  worst  cases,  if  not  removed,  to  eventual 
destruction  of  the  eye.  The  inflammation,  on  the  other  hand, 
after  continuing  for  some  time  may  subside,  and  the  foreign 
body  become  encapsuled.  In  some  cases  it  happens  that  the 
foreign  body  lies  free  in  the  anterior  chamber,  without  producing 
any  irritation,  or  it  may  become  absorbed,  with  or  without  at 
the  same  time  setting  up  inflammatory  reaction.  The  first  result 
is  by  far  the  more  common.  It  occasionally  happens  that  the 
inflammation  produced  is  limited  to  the  anterior  portion  of  the 
eye,  and  this  may  eventually  lead  to  perforation  and  expulsion 
of  the  foreign  body  through  the  cornea.  More  frequently,  how- 
ever, it  causes  either  slow  insidious  irido-cyclitis  of  the  worst 
type,  or  more  active  purulent  irido-choroiditis,  which  is  followed 
by  phthisis  bulbi.  Encapsuling  is  very  rare,  but  it  not  so 
mfrequently  happens  that  no  irritation  is  produced  at  all,  and 
this  result  is  most  common  when  the  foreign  body  is  a  piece  of 
coal  or  carbon,  or  of  some  chemically  inactive  metal. 

No  doubt  the  effect  produced  will  depend  in  great  measure 
upon  whether  or  not  septic  matter  has  been  introduced  into  the 


324  FOREIGN  BODIES  IN  THE  EYE. 

eye  at  the  same  time.  It  is  not  easy  in  any  given  case  to  make 
sure  of  this  point,  but  as  a  general  rule  hot  pieces  of  metal  are 
aseptic,  and  accidents  with  such  pieces  admit  of  a  better  prog- 
nosis from  the  first.  Something  depends  on  the  nature  of  the 
metal  itself. 

Thus  Leber  has  found,  by  introducing  aseptic  portions  of  metal 
into  the  anterior  chamber  of  rabbits,  that  copper  gives  rise  to  much 
more  irritation  than  steel  or  iron.    Aseptic  portions  of  a  sewing-needle 
introduced  mto  the  anterior  chamber  of  a  rabbit  produced  the  follow- 
ing changes  : — Shght  injection  round  the  lower  border  of  the  cornea, 
followed  after  a  few  days  by  a  thin  scale  of  yellowish  exudation  round 
the  metal ;  no  opacity  of  the  aqueous  humour  or  exudation  beyond  the 
immediate  proximity  of  the  foreign  body.    If  the  point  of  the  needle 
came  to  rest  against  the  cornea,  it  gradually  made  its  way  through  it. 
The  effect  produced  by  similar  portions  of  copper  was  very  ditierent. 
If  they  touched  the  iris,  they  produced  a  marked  ciliary  injection  and 
great  hypersemia  of  the  iris,  followed  by  a  copious  purulent  deposit 
round  the  metal.    The  cornea  in  the  viciuity  of  the  metal  became 
more  or  less  infiltrated,  and  sometimes  totally  destroyed,  Avhereupon 
expulsion  took  place,  and  a  relatively  good  cure  might  result.  The 
inflammation  was  always,  however,  confined  to  the  anterior  part  of  the 
eye,  i.e.,  to  the  neighbourhood  of  the  foreign  body.    In  another  series 
of  experiments  Leber  introduced  into  the  anterior  chamber  a  number 
of  fine  particles  of  copper  or  iron.    In  the  case  of  copper,  each  particle 
became  surrounded  by  a  purulent  deposit ;  after  some  time  the  iuflamma- 
tion  subsided,  and  the  particles  of  copper  disappeared  without  leaving 
a  trace.    In  the  case  of  the  iron  particles,  absorption  also  took  place, 
but  was  accompanied  by  much  less  irritation.    A  piece  of  copper  wire 
pushed  through  the  cornea  into  the  lens,  and  left  with  the  free  end  hi 
the  aqueous  chamber,  was  found  to  produce  hardly  any  u-ritation  at 
aU,  owing,  as  Leber  believes,  to  the  dissolved  particles  of  copper  being 
at  once  taken  up  by  the  surrounding  albumen  before  coming  in 
contact  with  the  vascular  portions  of  the  eye. 

FoKEiGN  Bodies  in  the  Ieis. — The  iris  is  on  the  whole  a 
rather  uncommon  site  for  a  foreign  body  within  the  eye,  as  the 
force  which  propels  it  so  far  is  mostly  sufficient  to  carry  it 
further.  The  presence  of  a  foreign  body  in  the  iris  is  likely  to 
lead  to  much  the  same  results  as  those  just  described  when  it 
lies  in  the  anterior  chamber.  Absorption  is  less  likely,  and  en- 
capsuling  more  likely.  I  have,  for  instance,  seen  a  case  where  a 
piece  of  steel  remained  encapsuled  in  the  iris  for  fifteen  years 
without  producing  any  irritation. 

The  first  effect  which  a  foreign  body  produces  in  the  iris  is 
to  give  rise  to  htemorrhage,  which  in  most  cases  is  so  slight  as- 
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to  already  have  become  absorbed,  or  to  have  left  but  famt 
traces,  by  the  time  the  case  comes  under  observation.  Most 
frequently  this  is  followed  by  iritis,  the  symptoms  of  which  do 
not  become  prominent  until  a  day  or  two  after  the  accident. 
According  to  the  size  and  nature  of  the  foreign  body,  and  the 
presence  or  absence  of  micro-organisms,  the  iritis,  which  its 
presence  produces,  may  be  purulent,  or  merely  plastic.  In  the 
first  case,  the  complete  destruction  of  the  eye  takes  place 
rapidly  by  panophthalmitis;  in  the  second,  the  foreign  body 
may  become  encapsuled,  or  inflammation  may  uninterruptedly, 
or  by  recurrent  attacks,  cause  loss  of  \dsion  in  the  way  commonly 
met  with  in  cases  of  old-standing  iritis. 

FoEEiGN  Bodies  in  the  Posteeioe  Aqueous  Chamber — 
Foreign  bodies  usually  lodge  in  the  posterior  aqueous  chamber 
by  penetrating  the  eye  slantingly,  at  or  near  the  corneo-scleral 
junction.  Sometimes  the  external  wound  is  found  to  be  in  the 
central  portion  of  the  cornea.  A  foreign  body  in  this  position 
ahnost  invariably,  and  especially  if  it  be  of  any  size,  sets  up  in- 
flammation in  the  iris  and  ciliary  body,  and  often  gives  rise  at 
the  same  time  to  cataract. 

The  Diagnosis  of  Foreign  Bodies  in  the  Aqueous  Chambers 
and  Iris.— T\iQ  history  of  the  accident  must  be  carefully  in- 
quired into.  If  it  turns  out  that  the  eye  has  been  forcibly 
struck  by  a  small  body,  there  is  the  possibility  or  probability 
that  it  has  penetrated  and  remained  in  the  eye.  The  cornea 
should  then  be  examined  by  oblique  illumination  for  any  ap- 
pearance of  a  scar.  If  none  be  found  on  the  cornea,  the  sclera 
should  also  be  examined,  but  the  absence  of  any  visible  cicatrix 
there  is  not  conclusive  evidence  against  the  previous  existence 
of  a  wound.  Fortunately  for  the  diagnosis  the  wound  produced 
by  a  foreign  body  lying  in  the  anterior  section  of  the  eye  is  at 
least  nine  times  out  of  ten  in  the  cornea. 

When  a  fresh  wound  or  scar  is  discovered  in  the  cornea,  the 
question  arises,  has  or  has  there  not  been  perforation?  To 
determine  this  we  must  observe — the  shape  of  the  pupil,  the 
depth  and  contents  of  the  anterior  chamber,  the  condition  of  the 
iris  and  lens,  and  the  tension  of  the  eye.  We  must  also  notice 
whether  any  synechias,  anterior  or  posterior,  have  formed,  or 
whether  there  be  any  prolapse  of  iris  or  vitreous,  or  any  trace  of 
uveal  pigment  in  the  corneal  wound.    It  is  only  in  the  case  of 
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relatively  large  foreign  bodies  that  the  tension  is  reduced  or  the 
chamber  shallowed,  unless  the  patient  happens  to  be  seen 
immediately  after  the  accident,  when  the  diagnosis  of  the  per- 
foration is  easier.  Any  prolapse  is  of  course  a  certain  evidence 
of  perforation,  while  wounds  of  the  iris  or  lens,  hyphjema, 
hypopyon,  and  synechise,  point  more  or  less  conclusively  to 
the  same. 

When  taken  along  with  the  history  of  the  accident  having 
been  caused  by  a  small  body,  any  or  several  of  these  evidences 
of  perforation  render  it  extremely  probable  that  a  foreign  body 
is  lodged  in  the  eye,  and  the  next  point  is  to  determine  where. 
In  the  first  place,  is  it  in  the  anterior  or  posterior  section  ?  The 
most  important  aid  towards  the  solution  of  this  point  is  afforded 
by  the  examination  of  the  vision  and  field  of  vision.  In  all  cases 
where  the  anterior  portion  of  the  eye  is  the  site  of  the  foreign 
body,  the  vision  corresponds  to  the  visible  optical  changes, 
whereas  this  is  not  the  case  where  the  posterior  portion  of  the 
eye  is  that  into  which  it  has  penetrated.  If  it  be  in  the  posterior 
aqueous  chamber,  the  diagnosis  is  always  difficult,  as  it  is  always 
hidden  by  the  iris,  unless,  as  sometimes  happens,  a  portion  of  it 
may  be  sticking  out  beyond  the  pupillary  margin,  where  it  may 
be  seen  if  the  aqueous  and  cornea  be  clear.  Wlien  in  this 
position,  it  often  happens,  too,  that  the  iris  has  been  penetrated, 
and  the  diagnosis  thus  facilitated.  The  presence  of  a  foreign 
body  in  the  posterior  chamber,  if  it  be  not  very  small,  is  always 
indicated  by  a  protrusion  of  the  iris  over  it,  or  a  drawing  up  of 
the  pupil  towards  the  spot.  Sometimes  these  appearances  are 
so  sHght  as  to  make  the  supposed  cause  very  uncertain,  and 
indeed,  it  occasionally  happens  that  the  diagnosis  of  the  presence 
of  a  foreign  body  in  this  position  is  impossible. 

Although  the  anterior  chamber  and  iris  are  freely  exposed 
to  view,  the  existence  of  a  foreign  body  in  either  position  is  not 
always  easily  diagnosed.  "When  in  the  anterior  chamber,  it  may 
have  sunk  down  into  the  angle,  and  if  small,  be  difficult  of 
detection ;  or  the  cornea  may  be  hazy  at  its  periphery,  or  the 
chamber  occupied  by  more  or  less  pus  or  blood.  When  of  any 
size,  if  the  cornea  is  clear,  and  there  is  no  hyphoema  or  hypopyon, 
the  body  can  generally  be  seen,  either,  in  fresh  cases,  in  its 
natural  state,  or  in  cases  where  some  time  has  elapsed  since  the 
accident,  surrounded  by  lymph,  appearing  then  usually  as  a 
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sharply  defined- yellowish  mass.  When  not  thus  directly  visible, 
the  points  which  nevertheless  render  the  diagnosis  of  its 
presence  more  or  less  certain,  are  a  localised  circumcorneal 
injection,  and  tenderness  to  pressure,  with  some  retraction 
of  the  pupil  in  a  particular  direction,  usually  downwards,  where 
the  foreign  body  commonly  lies.  Apart  from  this,  the  existence 
of  inflammatory  reaction,  the  severity  of  which  would  be  greatly 
out  of  proportion  to  the  trauma  if  no  foreign  element  existed  in 
the  eye,  is  of  very  considerable  diagnostic  importance. 

If  in  the  iris,  a  foreign  body  can  generally  be  seen,  though, 
if  small,  some  care  is  necessary  in  the  examination,  and  a  doubt 
may  sometimes  exist  as  to  whether  a  particular  appearance  is 
actually  caused  by  the  presence  of  a  foreign  body,  or  is  merely  a 
pigment  spot.  Sometimes,  when  the  iris  is  prolapsed,  the  foreign 
body  is  found  in  the  prolapsed  portion. 

Treatment. — Very  small  portions  of  iron  or  steel,  if  they 
have  caused  little  irritation,  may  be  left,  on  the  chance  of  ab- 
sorption taking  place  in  the  course  of  time,  but  the  patient 
should  be  kept  constantly  under  observation,  so  that  the  first 
symptoms  of  irritation,  should  they  afterwards  arise,  may  be 
noticed,  and  an  attempt  be  made  to  remove  the  body.  In  all 
cases  of  iron  or  steel,  the  simplest  method  of  removal  is  with 
the  electro-magnet.  The  incision  necessary  for  their  removal 
should  be  in  the  corneo-scleral  margin,  and  except  when  the 
piece  of  metal  is  sticking  in  the  iris,  it  should  be  made  at  the 
lower  part  of  the  cornea.  The  size  of  the  incision  must  be 
regulated  according  to  the  size  of  the  foreign  body  to  be  re- 
moved, and  should  always  be  bigger  than  it  is,  so  as  to  prevent 
its  being  rubbed  olT  as  the  magnetised  probe  is  withdrawn. 
Portions  of  the  non-magnetisable  metals  or  other  substances 
have  to  be  removed  with  a  curette,  or  pair  of  riblcd  (not  fixation) 
forceps.  In  the  case  of  small  bodies  lying  in  the  iris,  ihe  curette 
is  usually  the  simplest ;  for  larger  objects,  especially  when  they 
lie  free  in  the  anterior  chamber,  the  forceps  are  preferable.  In 
any  case,  the  wound  at  the  corneo-scleral  margin  must  be  made 
of  sufficient  size.  Should  it  be  found,  after  the  foreign  body 
has  been  seized,  that  it  cannot  be  withdrawn,  and  sometimes  it 
turns  out  to  be  a  little  bigger  than  it  appeared  to  be,  the  operator 
must  not  let  gp  his  hold  of  it,  but  proceed  as  best  he  can  to 
enlarge  the  wound  until  it  admits  of  its  removal.    Where  any 
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doubt  exists  in  the  diagnosis,  a  paracentesis  made  with  antiseptic 
precautions,  so  as  to  admit  of  the  escape  of  the  fluid  contents  of 
the  anterior  chamber,  should  be  undertaken. 

In  the  case  of  foreign  bodies  embedded  in  the  iris,  it  is 
usually  necessary  to  excise  the  portion  of  iris  in  which  they  lie 
as  well,  but  an  attempt  may  be  made  in  the  first  place  to  remove 
the  foreign  body  alone.  If  this  can  be  done  without  much 
laceration  the  iris  may  be  left ;  if  not,  it  should  be  excised.  In 
one  case,  where  I  removed  a  piece  of  steel  4  mm.  in  length  from 
the  iris,  the  operation  was  not  followed  by  even  a  trace  of  iritis. 

Foreign  bodies  in  the  posterior  chamber  are  usually  difficult  to 
extract ;  almost  invariably  it  is  necessary  to  remove  a  portion  of 
iris  as  well, — sometimes  the  lens  has  also  to  be  extracted.  The 
best  plan  is  to  attempt  to  seize  the  foreign  body  through  the 
iris,  and  cut  off  all  that  is  withdrawn  through  the  opening  made 
for  the  removal.  Wlien  the  iris  is  prolapsed  in  an  accident 
which  renders  the  lodging  of  a  foreign  body  in  the  eye  possible, 
it  should  be  carefully  examined  and  bathed  with  an  antiseptic 
lotion  before  being  returned  into  the  eye.  If  it  is  much  bruised, 
or  some  time  has  elapsed  since  the  accident,  it  is  better  to  cut 
off  the  prolapsed  portion. 

All  operations  performed  for  the  removal  of  foreign  bodies 
require  great  steadiness  on  the  part  of  the  patient,  and,  unless 
this  can  be  insured,  should  not  be  undertaken  mthout  an 
anaesthetic.  For  such  cases,  in  children  at  all  events,  cocaine  is 
insufficient.  How  soon  and  how  completely  the  irritation  pro- 
duced by  the  presence  of  the  foreign  body  will  subside,  depends 
greatly  on  its  size  and  nature,  and  the  length  of  time  it  has  re- 
mained in  the  eye.  The  possibility  of  sympathetic  inflammation 
of  the  other  eye  has  always  to  be  taken  into  consideration  in 
the  treatment. 

FoKEiGN  Bodies  in  the  Lens. — When  a  foreign  body  enters 
the  eye  at  all,  it  is  perhaps  on  the  whole  most  fortunate  for 
the  patient  if  it  happen  to  lodge  in  the  lens.  Little  or  no 
inflammatory  reaction  follows,  and  there  is,  practically  speak- 
ing, no  chance  of  sympathetic  ophthalmitis.  Inflammation  may 
arise  owing  to  the  wounds  produced  by  the  perforation  of  other 
superjacent  structures,  principally  the  iris  and  ciliary  body. 

A  small  foreign  body  passing  through  the  centre  of  the 
cornea,  and  lodging  in  the  lens  without  traversing  the  iris,  may 
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produce  so  little  irritation  or  disturbance  as  to  leave  the  patient 
ignorant  of  having  sustained  so  severe  an  injury,  until  the 
vision  becomes  gradually  more  and  more  impaired  by  the 
advancing  opacity  of  the  lens.  A  foreign  body  in  the  lens,  in 
fact,  almost  invariably  causes  cataract.  In  rare  instances  only 
a  limited  opacity  surrounding  the  foreign  body  results,  as,  for 
instance,  in  the  case  of  small  particles  of  gunpowder.  The 
cataract  is  no  doubt  frequently  caused  more  by  the  imbibition  of 
aqueous  humour  through  the  rupture  in  the  capsule  than  by  the 
actual  presence  within  the  lens  of  the  foreign  body,  and  great 
differences  are  consequently  met  with  in  the  rapidity  with 
which  the  cataractous  change  advances — differences  depending 
on  the  size  of  the  opening  in  the  capsule,  and  the  length  of 
time  which  it  remains  open,  as  well  as  on  the  age  of  the 


Fig.  93. — Piece  of  steel  in  lens. 


patient.  Small  capsular  wounds,  caused  by  small  bodies,  heal 
of  themselves;  larger  ones  are  often  plastered  over  by  the 
over -lying  iris. 

A  lens  which  becomes  cataractous  by  lodging  a  foreign  body 
IS  eventually  partially,  and  in  some  rare  instances  completely  or 
almost  completely,  absorbed,  and  the  foreign  body  may,  after  a 
longer  or  shorter  period,  become  displaced  into  such  a  position 
as  to  give  rise  to  serious  inflammatory  disturbance.  More  or 
less  irritation  is  always  caused  when  the  capsular  wound  is 
sufficiently  large  to  allow  of  the  escape  of  lens  matter  into  the 
anterior  chamber.  The  swelling  of  the  lens  within  its  capsule 
IS  liable  at  the  same  time  to  take  place.  These  accidents  are 
better  tolerated  in  the  young  than  in  older  individuals. 

Only  very  rarely  do  small  foreign  bodies  lodge  in  the  lens 
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capsule.    They  cause  neither  much  irritation  nor  cataract,  only 
a  slight  opacity  in  the  capsule  itself. 

Diagnosis. — When  penetration  has  taken  place  through  the 
sclera,  the  chances  of  the  foreign  body  being  in  the  lens  are  very 
small,  but  it  may  have  passed  in  obliquely,  either  through  the 
ciliary  body  or  from  the  posterior  aqueous  chamber.  When 
evidence  of  a  perforating  wound  has  been  found  in  the  cornea, 
with  the  history  of  a  small  particle  of  metal  or  other  substance 
having  been  propelled  against  the  eye,  and  yet  no  appearance  of 
a  foreign  body  in  the  chamber  or  iris,  the  capsule  of  the  lens 
should  be  carefully  examined  by  oblique  illumination,  and  with 
the  pupil  well  dilated  by  atropine.    In  difficult  cases,  examina- 
tion of  the  capsule  may  be  preferably  made  with  the  ophthal- 
moscope, by  reflecting  light  into  the  eye,  and  bringing  a  strong 
convex  lens  in  front  of  the  aperture.  In  this  way  the  wound  or 
scar  in  the  capsule  will  almost  always  be  detected.    When  this 
is  discovered  it  is  certain  that  the  foreign  body  has  entered  the 
lens,  and  the  point  remaining  to  be  determined  is,  whether  it  has 
passed  through  it  or  lodged  within  it.    The  diagnostic  evidence 
in  this  respect  is  either  positive  or  negative.    In  the  first  place, 
in  a  good  many  cases  it  may  actually  be  seen  on  oblique 
illumination  or  on  examination  with  the  ophthalmoscope,  m 
the  manner  described.    If  metal,  it  then  presents  a  glistening 
appearance.    Sometimes,  though  the  foreign  body  may  not  be 
directly  visible,  an  area  of  greater  saturation  may  be  made  out 
in  one  particular  part  of  the  lens,  occasionally  with  a  distinct 
streak  of  opacity  running  up  to  it.    This  portion,  or  it  may  be 
the  whole  lens,  may  at  the  same  time  exhibit  more  or  less 
coloration,  produced  by  oxidation  or  otherwise.    The  negative 
symptoms  of  importance  have  mainly  to  be  relied  on  when  the 
whole  lens  has  become  opaque.    But  even  where  there  is  con- 
siderable transparency,  the  diagnosis  will  be  strengthened  by 
finding  no  evidence,  on  ophthalmoscopic  examination,  of  the 
presence  of  any  body  in  the  deeper  parts  of  the  eye.  The 
negative  evidence  in  favour  of  the  lens  being  the  site  of  the 
foreign  body  known  to  have  entered  the  eye,  consists  in  the 
first  place  in  a  disproportion  between  the  lesion  and  the  irrita- 
tion set  up  by  it,  and  also  in  the  absence  of  positive  moveable 
scotomata  or  of  restrictions  in  the  field  of  vision,  such  as  are 
indicative  of  the  presence  of  foreign  bodies  in  the.  \dtreous. 
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The  treatment  will  clepeucl  on  the  degree  of  opacity  to  which 
the  foreign  body  has  given  rise.  In  most  cases  it  is  inadmissible 
to  perform  any  operation  until  complete  cataract  has  resulted. 
The  exceptions  to  this  are  cases  where  a  glaucomatous  condition 
is  set  up  by  the  swelling  of  the  lens  in  its  capsule,  and  in  which, 
therefore,  immediate  extraction  is  indicated.  In  other  cases, 
too,  in  which  the  opacity  in  the  lens  is  incomplete  and  prac- 
tically stationary,  operative  interference  seems  sometimes 
justified  before  a  spontaneous  ripeness  has  been  arrived  at.  In 
such  cases  some  method  of  artificial  ripening  may  sometimes  be 
resorted  to  first.  It  is  rarely  ad\isable,  in  any  case  where  a 
foreign  body  is  lodged  in  the  lens,  to  attempt  any  operation  but 
the  removal  of  the  cataract  through  a  large  section.  When  the 
body  is  a  magnetisable  metal  this  may  be  done  in  the  ordinary 
way  by  first  rupturing  the  capsule  with  a  cystotome.  The 
piece  of  metal  then  usually  comes  out  along  with  the  cata- 
ractous  lens,  but  should  it  remain  behind,  it  is  generally  possible 
to  extract  it  with  the  electro-magnet,  which  should  always  in 
such  operations  be  at  hand.  In  cases  where  the  piece  of  steel 
or  iron  is  seen  lying  immediately  behind  the  capsule,  the  magnet 
should  be  used  before  completing  the  extraction.  In  the  case  of 
non-magnetisable  substances,  although  they  may  often  in  the 
same  way  be  removed  along  with  the  cataract,  it  is  safer  on  the 
whole  to  extract  the  lens  in  its  capsule,  if  the  case  admits 
otherwise  of  the  performance  of  this  operation. 

Foreign  Bodies  in  the  Posterior  Section  of  the  Eye. — 
Considerably  the  largest  proportion  of  cases  of  foreign  bodies 
in  the  eye  are  those  in  which  the  body  has  penetrated  into 
the  deeper  structures.  This  is  unfortunate,  because  of  the 
uncertainty  of  our  being  able  to  remove  the  foreign  body,  and 
because  of  the  tendency  to  sympathetic  inflammation. 

Large  portions  of  metal  always  produce  so  much  destruction 
by  their  mere  presence,  that  the  case  may  be  hopeless  from  the 
first,  while  in  all  but  a  very  few  cases  the  chances  of  operative 
mterference  being  successful  will  depend  almost  entirely  on 
whether  the  patient  is  seen  soon  after  the  accident  or  not. 
Very  frequently  they  present  themselves  too  late. 

As  in  the  case  of  foreign  bodies  lodging  in  the  anterior 
portions  of  the  eye,  those  which  are  found  in  the  vitreous  and 
posterior  coats  pass  into  the  eye,  most  frequently  through  the 
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cornea,  wounding  the  iris  and  lens,  or  the  lens  alone,  on  their 
way.  Some,  and  «inore  particularly  shot  pellets,  may  first 
traverse  the  sclera  and  then  enter  the  vitreous  chamber.  A 
body  propelled  in  this  way  through  the  sclera  may,  according  to 
the  inertia  it  has,  be  arrested  in  the  coats  of  the  eye,  at  the 
same  side  of  and  near  the  aperture  of  its  entrance,  or  it  may 
drop  into  the  vitreous,  lodge  in  the  coats  of  the  eye  at  the 
opposite  side,  or  penetrate  these  and  come  to  rest  in  the  tissues 
of  the  orbit.  This  last  occurrence  is  not  so  very  uncommon  in 
the  case  of  gunshot  injuries.  If  the  foreign  body  does  not 
remain  permanently  fixed  in  the  coats  of  the  eye  at  either  side, 
it  sinks  sooner  or  later  in  the  vitreous,  and  then  only  alters  its 
position  owing  to  contractions  wliich  may  take  place  in  the 
exudation  surrounding  it. 

The  first  effect  produced  as  a  rule  by  a  foreign  body  entering 
the  back  portion  of  the  eye  is  hemorrhage  from  the  choroidal 
vessels.    The  blood  usually  accumulates  at  the  anterior  part  of 
the  vitreous,  in  which  position  it  may  often  be  made  out  with 
the  ophthalmoscope.    When  it  lies  further  back  it  is  suggestive 
of  rupture  having  taken  place  near  the  posterior  pole  of  the  eye. 
When  much  blood  is  extravasated  it  is  not  long  in  sinkmg  to 
the  bottom  of  the  vitreous  chamber.    The  vitreous  then  generally 
becomes  more  or  less  infiltrated  with  pus,  and  this  infiltration 
may  be  accompanied  either  by  violent  inflammatory  symptoms, 
panophthalmitis,  or  these  symptoms  may  be  less  severe,  but 
eventually  also  lead  to  shrinking  of  the  globe.    If  the  course  of 
the  case  be  carefully  watched  from  day  to  day,  the  first  symptoms 
of  a  purulent  inflammation  are  often  observed  to  be  linear,  m 
the  form  of  a  streak  which  indicates  the  passage  taken  by  the 
foreign  body  through  the  vitreous.    Not  infrequently  this  streak 
leads  to  a  place  where  the  infiltration  is  denser,  and  it  is  within 
this  denser  portion  that  the  foreign  body  lies.    Occasionally  a 
foreign  body,  after  setting  up  some  irritation,  becomes  encapsuled 
in  the  vitreous ;  but  although  the  eye  then  comes  to  rest,  there 
is  always  the  danger  of  recurrent  attacks  of  inflammation  and 
ultimate  destruction.    It  should  always  be  remembered  that 
a  fresh  attack  of  inflammation,  even  after  there  has  been  a 
quiescence  of  years'  duration,  may  give  rise  to  sympathetic 
ophthalmitis.    In  cases  left  to  themselves,  the  greatest  security 
against  sympathetic  inflammation  is  afforded  by  panophthalmitis. 
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particularly  if  this  should  happen,  as  it  sometimes  does,  to  lead 
to  the  spontaneous  expulsion  of  the  foreign  body.  A  protracted 
or  even  permanent  quiescence  is  most  likely  to  follow  when  the 
foreign  body  is  a  shot  pellet,  for  which  the  prognosis  is  more 
favourable  than  for  other  bodies  in  the  vitreous. 

The  result  is  more  favourable  when  the  foreign  body,  what- 
ever its  nature,  is  situated  in  the  ocular  wall.  Most  frequently 
it  becomes  embedded  on  the  same  side  as  that  by  which  it  enters 
the  eye,  the  force  of  propulsion  not  being  sufficient  to  carry  it 
into  the  vitreous.  In  this  position  it  may  cause  comparatively 
little  irritation,  though  more  frequently  slow  inflammatory 
changes  are  induced,  leading  to  loss  of  vision  and  phthisis 
bulbi.  A  localised  ulcer  may  form  and  the  foreign  body  be 
spontaneously  expelled.  When  the  site  occupied  is  the  ciliary 
body,  cyclitis  is  set  up  and  vision  greatly  reduced  by  opacities 
in  the  anterior  part  of  the  vitreous,  followed  often  by  cataract 
or  by  more  serious  changes.  Wlien  the  foreign  body  becomes 
lodged  in  the  opposite  wall  of  the  eye,  which  is  considerably 
more  uncommon,  the  chances  of  its  being  encapsuled,  and  good 
or  relatively  good  sight  being  retained,  seem  to  be  rather  greater, 
though  the  eye  can  never,  even  under  the  most  favourable 
circumstances,  be  looked  upon  as  absolutely  safe.  Inflammation 
may  be  set  up  after  long  intervals  of  time.  Much  depends,  in 
the  first  instance,  no  doubt,  upon  whether  or  not  septic  matter 
is  introduced  into  the  eye  at  the  same  time.  The  prognosis  is 
relatively  good  in  the  case  of  shot  pellets  and  small  pieces  of 
clean  steel  or  iron. 

Diagnosis  of  Foreign  Bodies  in  the  Vitreous  and  Posterior 
Coats  of  the  Eye. — The  history  to  be  obtained  in  cases  where 
there  appears  reason  to  suspect  that  a  foreign  body  is  lodged 
somewhere  in  the  back  part  of  the  eye  is  often  very  unsatis- 
factory, especially  if  some  time  has  elapsed  since  the  accident. 
"With  an  uncertain  history,  and  the  absence  of  any  external 
scar,  the  diagnosis  is  often  a  matter  of  no  little  difficulty.  The 
preponderance  of  cases  where  the  eye  is  pierced  through  the 
cornea,  is  only  about  half  as  great  as  in  the  case  of  foreign 
bodies  in  the  anterior  chamber  or  iris.  According  to  different 
statistics,  it  may  be  taken  roughly  that  in  four  out  of  every  five 
cases  the  cornea  is  wounded,  instead  of  nine  out  of  ten.  When 
a  corneal  wound  or  scar  is  found,  the  diagnosis  is  of  course  more 
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easy.    Further  evidences  of  perforation  are  then  looked  for  in 
the  iris  and  lens.    The  relative  value  of  such  evidence  has 
already  been  discussed.    The  vitreous  must  next  be  explored 
with  the  ophthalmoscope.     Owing  to  the  great  magnifying 
power  of  the  eye,  it  will  be  possible  to  see  even  very  small 
foreign  bodies  in  this  situation  if  they  occupy  a  position  which 
can  be  got  at  with  the  ophthalmoscope,  and  if  the  opacities  in 
the  lens  and  vitreous  are  not  too  great.    It  often  happens, 
therefore,  that  in  fresh  cases  one  is  able  to  directly  observe  the 
foreign  body.    By  causing  the  patient  to  look  well  down,  it  will 
not  seldom  be  found  lying  at  the  bottom  of  the  vitreous  chamber, 
and  when  metallic,  will  be  seen  to  glisten  with  a  whitish  or 
bluish-white  lustre.    There  is  just  the  possibility  of  mistaking 
air  bubbles,  which  are  sometimes  found  in  the  vitreous  after  an 
accident,  for  portions  of  metal.    Air  bubbles  are  round,  often 
multiple,  and  glisten  at  the  centre,  while  they  appear  dull  and 
obscure  at  their  margins.    The  glistening  from  a  portion  of 
metal  is  from  its  margin,  the  rest  presenting  a  bluish  or  greenish- 
white  coloration.    If  this  point  be  attended  to,  a  mistake  or 
uncertainty  cannot  arise.    "When  the  external  wound  has  been 
in  the  sclera  it  is  often  not  easily  discovered,  even  when  fresh, 
owing  to  surrounding  haemorrhage  or  inflammatory  hypersemia. 
A  recent  scar  may  be  detected  on  oblique  illumination,  and 
perforation  may  be  inferred  when  the  superficial  tissues  are 
tacked  down  to  the  deeper,  and  not  freely  moveable  over  them. 
In  fresh  scleral  wounds  the  probe  may  be  used  carefully,  if 
doubt  exists  as  to  perforation. 

If  the  patient  cannot  furnish  satisfactory  information  with 
regard  to  the  body  by  which  the  eye  has  been  injured,  he  may 
possibly  remember  whether  the  vision  was  much  affected  at  the 
time  of  the  accident  or  not.  Obscuration  lasting  some  days  is 
suggestive  of  there  having  been  htemorrhage,  more  especially  if 
foUowed  by  black  objects  floating  in  front  of  the  eye,  but  this  is 
of  coiu-se  not  conclusive  evidence  that  anything  remains  in  the 
eye.  When  the  foreign  body,  or  the  yellowish  mass  of  lymph 
by  which  it  is  surrounded,  is  visible  by  means  of  the  ophthal- 
moscope, we  may  sometimes,  if  the  history  is  doubtful,  as 
M'Keown  recommends,  obtain  positive  evidence  of  its  being 
steel  or  iron,  by  observing  a  change  of  position  of  the  whole 
mass  on  bringing  a  powerful  magnet  in  contact  with  the  eye. 
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The  diagnosis  of  the  position  of  the  foreign  body  when 
seen  by  the  ophthabnoscope  is  easily  made.  When  it  is 
lodged  in  the  coats  of  the  eye  we  find  that  the  same  lens  is 
required  for  accurate  focussing  of  it  as  for  focussing  the  rest  of 
the  fundus,  and  that  there  is  only  very  slight  or  no  parallax. 
Most  frequently  in  such  cases  there  is  some  evidence  of  disturb- 
ance in  the  coats  surrounding  the  foreign  body,  often  a  whitish 
patch  bordered  with  pigment,  where  the  choroid  has  been 
ruptured  at  the  time  of  its  lodging  in  the  eye.  It  is  only  rarely 
that  the  glistening  of  a  choroidal  plaque  may  give  rise  to  an 
appearance  so  like  that  of  a  piece  of  metal  in  the  eye,  that  some 
difhculty  may  be  experienced  in  making  a  correct  diagnosis. 
A  piece  of  metal  rarely  if  ever  glistens  all  over,  but  mainly 
at  its  margins,  whereas  the  glistening  from  a  choroidal  plaque 
is  not  limited  to  any  particular  point,  and  in  fact  is  often 
all  over. 

When  the  foreign  body  cannot  be  directly  seen,  but  the 
history  and  objective  appearances  of  perforation  point  to  its 
being  present  in  the  eye,  a  tenderness  on  pressure  at  some 
particular  point  over  the  sclera  iindicates  its  position  in  not  a 
few  cases.  A  point,  too,  of  diagnostic  importance  in  a  doubtful 
case  is  the  existence  of  an  amount  of  inflammation  dispro- 
portionate to  the  severity  of  the  trauma  alone.  This  should 
always  give  rise  to  the  suspicion  that  something  is  lodged  in 
the  eye. 

Attention  must  also  be  paid  to  the  nature  of  the  visual 
disturbances.  Apart'  from  the  defect  corresponding  to  the 
visible  optical  changes,  which  alone  exist  in  the  case  of  bodies 
lodged  in  the  anterior  part  of  the  eye,  there  may  usually  be 
made  out  other  defects  as  well,  when  the  vitreous  chamber  or 
coats  at  the  back  of  the  eye  are  the  site  of  the  foreign  body. 
These  are  of  two  kinds,  positive  scotomata  and  restrictions  in 
the  field  of  vision.  The  scotoma  may  be  either  the  projection 
externally  of  the  shadow  thrown  on  the  retina  by  the  foreign 
body,  or  it  may  be  due  to  a  lesion  in  the  fundus  of  the  eye. 
Eestriction  in  the  field  of  vision  is  due  either  to  the  presence  of 
blood  or  purulent  exudation  in  the  vitreous,  or  to  detachment  of 
the  retina.  This  restriction  in  the  field  of  vision  is  one  of  the 
most  valuable  points  in  the  diagnosis  when  it  is  otherwise  diffi- 
cult on  account  of  opacity  of  the  lens.    The  scotoma,  too,  may 
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diminish  in  size  from  absorption  of  extravasated  blood,  or 
increase,  as  the  subsequent  exudation  becomes  denser  and  more 
copious. 

Treatment. — The  successful  removal  of  foreign  bodies  from  the 
vitreous  and  back  of  the  eye  was,  until  comparatively  recently, 
of  so  excessively  rare  occurrence,  that  practically  the  chances  of 
an  operation  undertaken  for  that  purpose  being  successful  were 
nil.  At  the  present  time,  by  the  aid  of  the  magnet,  first 
regularly  introduced  for  this  purpose  by  M'Keown,  a  good  many 
eyes  have  been  saved  which  must  previously  have  been  lost.  By 
this  means  only  particles  of  iron  and  steel  can,  under  favourable 
circumstances,  be  removed,  while,  with  regard  to  other  bodies, 
we  are  not  better  situated  than  before.  Iron  and  steel  particles 
form,  however,  a  large  proportion  of  all  the  cases  met  with, 
although  the  exact  proportion  differs  very  much  with  the 
locality.  The  proportion  is  besides  altogether  greater  than 
formerly,  owing  to  the  great  falling  off  in  the  number  of  such 
accidents  caused  by  the  bursting  of  percussion  caps. 

The  electro-magnet  naturally  soon  became  the 
form  in  which  the  magnetic  force  was  applied  for 
operative  purposes.     Snell's  electro-magnet  (fig. 
94)  is  thus  described  by  himself  : — "  It  consists  of 
a  core  of  soft  iron,  around  which  core  is  placed 
the    coil    of    insulated  copper  wire,   and  this 
again  is  enclosed  iu  an  ebonite  case.     To  one 
end  of  the  instrument  are  attached  the  screws  to 
receive  the  battery  connections,  at  the  other  ex- 
tremity the  core  of  the  magnet  projects  just  beyond 
the  ebonite  jacket,  and  is  tapped,  and  into  it  is 
screwed  a  needle,  which  fits  closely  on  the  end  of 
the  instrument  by  a  projecting  cap."     Snell  uses 
differently-shaped  probes  to  screw  on  to  the  magnets, 
and  this  plan  has  been  adopted  in  other  forms  of 
electro-magnets.     Snell's   magnet  attached  to  a 
quart  bichromate  ceU,  is  capable  of  liftmg  from 
the  end  of  a  2-incli  probe  a  weight  of  175  grms. 
It  is  of  ample  power  for  any  use  to  which  it 
may  be   put.      Hirschberg    employs   a  similar 
magnet,   supplied  by  five  cells,  weighing  over 
1  lb.,  and  capable  of  raishag  a  weight  of  570 

The  following  excellent  rules  for  the  use  of  the  magnet, 
when  the  iron  or  steel  lies  in  the  vitreous,  are  given  by  Hirsch- 
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berg.    If  the  wound  in  the  sclera,  through  which  the  piece  of 
metal  has  penetrated,  be  still  open,  the  magnet  should  Idb  at 
once  introduced  through  it.    It  is  generally  advisable  to  enlarge 
it  slightly,  so  as  to  admit  of  the  easy  removal  of  the  metal  adher- 
ing to  the  magnet,  and  not  risk  its  being  rubbed  off  on  with- 
drawal.   Fresh  openings  may,  if  necessary,  be  made  in  two 
situations ;  either  by  means  of  a  meridional  cut  through  the 
equatorial  part  of  the  sclerotic  coat,  or  by  section  through  the 
corneo-scleral  margin,  the  vitreous  being  reached  after  removal 
of  the  lens,  or  if  it  be  absent,  after  perforation  of  the  lens  capsule. 
Hirschberg  distinguishes  three  stages  after  the  accident,  in  which 
an  operation  may  be  undertaken  :  (1.)  The  primary  stage,  that 
is,  before  inflammatory  symptoms  set  in  ;  (2.)  the  secondary 
stage,  in  which  such  symptoms  have  more  or  less  developed ; 
and  (.3.)  the  tertiary  stage,  when  fresh  irritative  symptoms  have 
appeared  after  a  longer  or  shorter  period  of  quiescence.  Care- 
ful probing  with  the  magnet  in  the  first  stage,  conducted  with 
proper  antiseptic  precautions,  is  safe  enough,  and  should  be 
undertaken  when  the  wound  is  in  the  sclera,  even  though  there 
should  be  some  little  doubt  as  to  the  diagnosis.  Otherwise, 
if  there  be  no  evident- external  wound,  and  when  the  diagnosis 
as  to  the  presence  of  the  metal  in  the  vitreous  is  not  abso- 
lutely certain,  it  is  advisable  to  await  the  symptoms  of  the 
second  stage  before  proceeding  to  make  an  opening.     If  the 
foreign  body  can  be  actually  seen  in  the  vitreous,  the  opening 
may  be  made  at  once,  and  such  cases,  of  course,  afford  the 
best  opportunities  of  obtaining  satisfactory  results.    It  is  seldom, 
however,  that  patients  present  themselves  until  the  second  stage 
is  arrived  at,  and  then  the  operation  should  generally  at  once  be 
resorted  to.    The  section  in  the  sclera  should  be  made  at  its 
lower  and  outer,  or  lower  and  inner  part.    It  should  be  5-6  mm. 
in  length,  and  6-8  mm.  from  the  corneal  border.    Pieces  of  iron 
or  steel,  up  to  30  m.  gr.  in  weight,  may  be  removed  during  the 
second  stage,  and  yet  leave  a  chance  of  a  good  result.  When 
from  50-180  m.  grs.  in  weight,  the  only  chance  is  a  primary 
operation,  and  when  much  larger,  even  the  successful  removal 
in  the  primary  stage  can  probably  never  result  in  anything 
further  than  the  retention  of  the  shape  of  the  eye.  ^ 
In  cases  of  portions  of  non-magnetisable  metals  in  the 
vitreous,  an  operation  in  the  primary  stage  is  hardly  justifiable, 
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as  the  chance,  small  as  it  is,  of  the  foreign  body  being  encapsuled, 
or  leading  to  relatively  little  irritation,  is  still  gi'eater  than 
that  of  one's  being  able  successfully  to  remove  it.  The  removal 
may  be  attempted  in  the  secondary  stage,  however,  when  the 
patient  has  been  prepared  for  the  alternative  treatment  of  evis- 
ceration or  enucleation  of  the  eye,  should  the  attempt  fail,  as 
it  is  likely  to  do.  In  any  case,  the  incision  should  be  made 
radially  and  not  circularly  in  the  sclera,  and  at  the  lower  part, 
except  where  a  point  of  marked  tenderness  exists  in  some  other 
situation,  when  that  point  should  be  selected  instead.  Bodies 
fixed  in  the  coats  of  the  eye  may  occasionally  be  seized  with 
forceps  and  withdrawn,  and  a  relatively  good  result  be  obtained. 

Unfortunately  the  advisability  of  performing  any  operation 
for  the  removal  of  foreign  bodies  from  the  eye  is  often  question- 
able, on  account  of  the  risk  which  is  then  run  from  sympathetic 
inflammation  occurring  sooner  or  later  in  the  other  eye.  When 
the  injury  has  been  so  severe  as  to  destroy  vision  from  the  first, 
there  can  be  no  hesitation  about  removing  an  eye  in  which  a 
foreign  body  is  lodged.  If  this  can  be  done  within  the  first 
week,  evisceration  is  the  most  satisfactory  operation — if  later  on, 
enucleation.  A  difficulty  in  deciding  arises  in  most  of  the  cases 
where  some  vision  is  retained,  and  here  much  will  depend  on 
the  course  taken  by  the  inflammation.  This  is  especially  the 
case  where  the  foreign  body  is  a  shot  pellet.  "\Vlien  the  pene- 
tration has  taken  place  through  the  sclera  and  the  wound  made  in 
it  is  small,  there  is  not  much  danger  of  any  septic  matter  having 
been  introduced  at  the  same  time,  so  that  it  is  generally  advisable 
to  make  an  attempt  to  keep  the  eye.  Where  the  exudation 
can  be  made  out  to  be  extending,  removal  of  the  eye  should  be 
advised,  but  an  attempt  may  first  be  made  to  extract  the  foreign 
body,  if  the  patient  thoroughly  understands  the  risk  which  he 
still  runs,  even  if  this  should  be  successful.  Other  points  in 
this  connection  are  discussed  in  the  next  chapter. 


CHAPTER  X. 


SYMPATHETIC  OPHTHALMITIS. 

A  GREAT  number  of  affections  of  the  eye  are,  or  are  supposed  to 
be,  in  some  measure  caused  by  inflammatory  conditions  which 
have  pre-existed  in  the  other  eye,  and  are  consequently  looked 
upon  as  sympathetic.  Thus  cases  of  keratitis,  choroiditis, 
neuritis,  retinitis,  detachment  of  the  retina,  and  even  glaucoma, 
have  been  described  as  sympathetic  in  their  nature.  Glaucoma 
is  certainly  never  sympathetic,  and  as  to  the  other  forms,  all 
that  can  be  said  definitely  is  that  their  existence  is  extremely 
problematical,  except  in  cases  where  they  are  at  the  same  time 
associated  with  inflammation  of  the  iris  and  ciliary  body.  The 
disease  which  is  generally  spoken  of  as  sympathetic  ophthalmitis 
is  an  inflammation  of  the  uveal  tract,  most  constantly  and  more 
especially  of  its  ciliary  portion,  which  comes  on — rarely  sooner 
than  three  weeks,  and  often  much  longer — after  some  injury  or 
affection  of  the  other  eye,  wliich  has  been  followed  by  more  or 
less  destructive  inflammation  in  it. 

There  is. nothing  absolutely  characteristic  about  a  sympa- 
thetic ophthalmitis ;  it  may  be  acute,  but  it  is  more  often  dis- 
tinctly chronic.  It  may  be  mild  from  the  first,  or  of  a  decidedly 
niahgnant  type,  and  it  may  be  recovered  from  or  lead  to  con- 
siderable or  to  complete  bhndness.  An  inflammation  of  the  eye, 
which  is  sympathetic  in  this  sense,  is  usually  very  protracted. 
It  is  either  altogether  painless,  or  accompanied  by  but  little 
pam.  The  insidious  and  dangerous  nature  of  the  disease  was 
first  pointed  out  by  Mackenzie  about  the  year  1827. 

In  connection  with  this  subject  it  is  convenient  and  cus- 
tomary to  use  the  following  terms.  The  eye  first  affected  is 
called  the  exciting  eye,  or  shortly  the  exciter;  the  other  the 
sympathising  eye,  or  the  sympathiser. 

The  inflammation  in  the  sympathising  eye,  although  its  pro- 
gress may  be  slow,  and  unaccompanied  by  well-marked  external 
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signs  of  inflammation,  gradually  gives  rise  to  all  the  changes,, 
and  is  very  liable  to  be  followed  by  the  worst  consequences  of,  a 
severe  irido-cyclitis.    The  first  symptom  that  is  often  noticed  is 
a  defective  degree  of  accommodative  power,  causing  a  difficulty 
of  seeing  things  distinctly  near  at  hand.    Some  turbidity  of  the 
aqueous  humour,  most  noticeable  in  the  area  covering  the  pupil, 
may  frequently  be  made  out  about  the  same  time.    The  iris 
then  loses  its  ghstening  appearance  and  becomes  muddy  and 
discoloured,  while  synechise  form  between  it  and  the  lens  cap- 
sule.   There  is  tenderness  on  pressure  over  the  ciliary  region, 
the  vitreous  humour  becomes  clouded  with  opacities,  and  the 
tension  of  the  eye,  winch  may  at  first  be  increased,  becomes 
diminished.    A  new  formation  of  vessels  takes  place  in  the  iris, 
which  assumes  a  greyish  colour,  and  a  tumefied,  unhealthy, 
spongy,  and,  to  the  practised  eye,  rotten  appearance.    A  mem- 
brane soon  forms  across  the  pupil,  the  anterior  chamber  becomes 
shallowed,  while  the  periphery  of  the  iris  is  often  to  some  extent 
retracted.    In  some  cases  there  is  foimd  to  be  restriction  of  the 
field  of  vision  in  a  more  or  less  concentric  form,  due  probably 
to  extension  of  the  inflammation  from  the  cihary  body  to  the 
choroid.    Detachment  of  the  retina  gradually  takes  place  owing 
to  the  traction  of  the  exuded  matter  in  the  vitreous,  and  leads  to 
complete  blindness.    But  the  inflammation  may  subside  before 
this  stage  is  reached,  and  a  certain  amount  of  vision  he  retained, 
along  with  the  appearances  of  a  greyish,  thickened,  and  at  the 
same  time  atrophic,  iris. 

Sympathetic  ophthalmitis  sometimes  takes  the  form  of  a 
serous  irido-cyclitis  from  the  first.  When  the  inflammation  in 
these  cases  subsides,  as  it  is  more  likely  to  do  than  in  the 
mahgnant  plastic  form,  fair  or  even  very  good  vision  may  be 
retained,  but  even  such  cases  may  go  on  to  complete  bhudness. 

Some  cases  are  preceded  by  what  is  called  sijinpatlidic  irrita- 
tion,—that  is  to  say,  that  while  as  yet  there  are  no  signs  of 
actual  inflammation,  there  may  be  photophobia,  lachrymatiou, 
and  pain  referred  to  the  back  of  the  eye  and  to  the  forehead. 
This  irritation  is  in  all  respects  similar  to  that  experienced  m 
the  other  eye  when  a  foreign  body  lodges  in  the  opposite  con- 
junctival sac,  or  causes  some  abrasion  of  the  cornea.  When  to 
these  symptoms  of  irritation  are  added  circumcorneal  injection, 
there  is  reason  to  fear  an  attack  of  sympathetic  ophthalmitis. 
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But  the  symptoms  of  sympathetic  irritation  may  continue  to 
exist  without  ever  passing  on  to  the  dreaded  inflammation.  On 
this  account  it  is  of  importance  to  make  a  clear  clinical  distinc- 
tion between  irritation  and  sympathetic  ophthalmitis.  Sym- 
pathetic irritation  is  at  once  cured  by  removal  of  the  exciting 
eye,  while  such  is  by  no  means  the  case  in  sympathetic 
ophthalmitis. 

As  a  general,  if  not  invariable  rule,  we  may  take  it  that 
where  cyclitis  of  one  eye  sets  up  a  sympathetic  cyclitis  in  the 
other,  .the  exciting  eye  has  either  never  come  properly  to  rest 
since  the  accident  or  disease  which  caused  this  inflammation,  or 
else  fresh  irritation  has  begun  after  a  period  of  more  or  less 
prolonged  quiescence.  The  renewed  inflammation  may,  it  is 
true,  be  accompanied  by  not  very  marked  symptoms,  but  there 
will  always  be  found  some  degree  of  tenderness  to  pressure 
over  the  ciliary  region.  Often  there  is,  besides  tliis  evidence  of 
cyclitis,  circumcorneal  injection,  lachrymation,  and  sensitiveness 
to  light.  A  reinflammation  is  a  common  occurrence  in  cases 
where  foreign  bodies  are  lodged  in  the  eye,  owing  to  their  hav- 
ing spontaneously,  or  through  some  possibly  very  slight  accident, 
become  dislodged  from  their  encapsulecl  position.  This  possi- 
bility has  therefore  to  be  borne  in  mind  in  all  cases  where  a 
foreign  body  is  known  to  be  retained  in  the  eye,  even  although 
comparatively  trifling  irritation  may  have  followed  the  accident. 
As  long  as  the  eye  remains  quiescent  there  is  little  or  no  danger, 
but  the  patient  must  be  warned  of  the  risk  he  runs  in  keeping 
the  eye,  and  be  urgently  cautioned  to  seek  advice  as  soon  as 
tenderness  or  redness  should  at  any  time  manifest  themselves. 
Blows,  too,  on  previously  injured  or  diseased  eyes  are  liable  to 
set  up  fresh  inflammation,  and  thus  lead  to  sympathy. 

The  Committee  appointed  a  few  years  ago  by  the  Ophthalmo- 
logical  Society  to  arrange  a  collective  investigation  on  the  subject 
of  sympathetic  ophthalmitis,  came  to  the  conclusion  that,  in  some 
instances  in  which  a  long  interval  separates  the  inflammations 
of  the  exciting  eye  and  that  of  the  sympathiser,  the  former 
might  at  the  time  be,  and  have  for  long  been,  perfectly  quiescent. 
The  possibility  of  such  being  the  case  should  therefore  be  borne 
in  mind,  though  more  evidence  may  be  reasonably  required 
before  it  can  be  accepted  as  an  undoubted  fact. 

The  condition  of  the  exciting  eye  at  the  time  of  its  causing 


342 


SYMPATHETIC  OPHTHALMITIS. 


sympathy  is  one  not  merely  of  inflammation  alone,  but  of  inflam- 
mation which  is  not  sufficiently  severe  to  cause  purulent  destruc- 
tion of  the  tissues,  and  which  at  the  same  time  is  not  accom- 
panied by  so  much  serous  discharge  as  to  give  rise  to  prolonged 
increased  tension.  Sympathetic  ophthalmitis  very  rarely  results 
from  panophthalmitis,  and  all  the  more  rarely  the  more  complete 
has  been  the  destruction  by  the  purulent  inflammation.  A 
glaucomatous  condition  of  the  eye,  too,  whether  arising  from 
increased  secretion  or  impeded  excretion  of  fluids,  is  very  rarely 
associated  with  a  condition  liable  to  excite  sympathetic  inflam- 
mation. A  soft  eye,  in  ivliich  perforation,  either  from  accident  or 
ulceration,  has  at  any  time  taken  place,  and  which  is  tender  to 
pressure,  is  that  tvhich  endangers  the  safety  of  the  other.  Often 
such  eyes  are  at  the  same  time  blind,  but  this  is  not  always  the 
case,  although  it  is  rare  that  they  have  retained  any  consider- 
able degree  of  visual  acuity. 

Sympathetic  ophthalmitis  is  most  frequently  the  result  of 
some  injury  to  the  other  eye ;  the  wounds  which  give  rise  to  it 
may  occur  in  any  part  of  the  eye.  Wounds  in  the  ciliary 
region,  or  extensive  cuts  invohdng  the  ciliary  region,  and  at 
the  same  time  leading  to  considerable  loss  of  vitreous  humour, 
are  the  most  dangerous  in  this  respect.  Mere  corneal  wounds 
may  be  followed  by  sympathy,  but  in  such  cases  they  are 
probably  always  sufficiently  severe,  either  in  extent  or  from 
the  manner  in  which  they  have  been  inflicted,  to  give  rise  to 
more  deep-seated  inflammation  in  the  eye. 

The  excitation  may  also  arise  from  operations  performed  on 
the  eye.  Of  these  causes  the  most  common  are  extractions  of 
cataract,  especially  in  such  cases  where  from  encleisis  of  the 
iris  or  vitreous  the  healing  process  has  been  slow  and  accom- 
panied by  considerable  inflammatory  reaction.  Other  operations 
occasionally  followed  by  sympathy  are  —  needling  for  after- 
cataract,  iridectomy,  abscission  of  staphylomata,  &c. 

Of  the  spontaneous  diseases  of  the  eye  which  produce  ophthal- 
mitis in  the  other,  the  most  common  are  the  various  forms  of 
perforating  ulceration  of  the  cornea,  especially  when  such  per- 
foration is  followed  by  more  deep-seated  inflammation  and 
shrinking  of  the  eye.  Curiously  enough,  however,  a  'perforation 
which  has  arisen  from  within  is  not  so  lial)le  to  hcfolloiccd  hy 
sympathetic  ophthalmitis  as  one  which  has  taken  place  from 
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■without.  Intraocular  tumours,  when  they  set  up  cyclitis,  may 
also  occasion  sympathy,  though  this  probably  does  not  occur 
until  they  have  reached  the  third  stage,  and  produced  perfora- 
tion of  the  coats  of  the  eye. 

The  question  as  to  whether  or  not  true  sympathetic  inilam- 
mation  ever  occurs,  where  there  has  at  no  time  been  perfora- 
tion of  the  eye,  is  one  which  can  hardly  be  said  to  be  yet 
decided.  It  is  an  important  question  in  connection  with  the 
pathology  of  the  disease,  as  will  be  seen  when  this  is  discussed. 
All  cases  in  which  a  destructive  form  of  cyclitis  or  other 
uveitis  occurs  first  in  one  eye  and  then  in  the  other,  are  of 
course  not  necessarily  of  a  sympathetic  nature.  The  real 
difficulty  in  all  non-traumatic  cases  is  to  determine  whether 
the  second  eye  is  affected  on  account  of  the  first — that  is, 
whether  the  condition  of  the  first  eye  actually  sets  up  that  of 
the  second,  or  whether  the  disease  in  both  is  not  due  to  the  same 
cause,  as  so  often  happens  in  iritis,  in  glaucoma,  cataract,  and 
other  affections  of  the  eye.  Only  in  cases  where  the  first  eye 
has  been  injured  without  being  perforated,  and  become  inflamed, 
and  been  subsequently  followed  by  cyclitis  in  the  second  eye, 
could  the  presumption  be  greatly  in  favour  of  the  sympathetic- 
nature  of  the  cyclitis  in  the  second  eye. 

From  Mooren's  statistics  I  find  125  cases  of  sympathetic  oplithal- 
mitis  in  which  the  exciting  cause  is  given.  Of  these  the  eye  was 
injured  or  perforated  in  some  way  in  93.  In  27  of  the  93  an  opera- 
tion had  been  performed — sixteen  times  couching,  ten  times  extraction 
of  cataract,  and  in  one  case  for  traumatic  cataract.  In  20  more  out  of 
the  125  cases  the  exciter  was  shrunken  at  the  time  of  the  examination,, 
and  of  these  it  is  only  expressly  stated  with  regard  to  three  that  there 
was  no  trauma.  It  is  not  clear  from  the  diagnosis  given  in  each  case 
of  phthisis  buibi  whether  or  not  this  condition  was  preceded  by  any 
perforation.  Of  the  remaining  twelve,  eleven  had  some  form  of  com- 
phcated  or  uncomplicated  uveitis,  and  one  detachment  of  the  retina 
alone.  Mooren's  statistics  include  a  number  of  other  forms  of  sympa- 
thetic affections.  These,  as  explained  at  the  beginning  of  this  chapter, 
are  purposely  excluded  in  our  consideration  of  the  subject  of  sympa- 
thetic ophthalmitis,  partly  because  their  sympathetic  nature  is  by  no 
means  always  absolutely  clear,  but  mainly  because  they  do  not  possess- 
the  same  importance  from  a  clinical  and  practical  point  of  view,  as- 
does  the  more  common  and  more  serious  form.  Of  his  cases  of  sympa- 
thetic irritation,  twenty-one  are  useful  for  reference,  as  the  exciting 
cause  is  given.  Eighteen  were  produced  by  perforating  injuries 
or  inflammations,  while  in   the  remaining  three,  although  there- 
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was  cyclitis,  it  was  not  stated  whether  or  not  it  was  set  up  by 
injury. 

The  conckision  arrived  at  by  the  Committee  of  the  Ophthalmolo- 
gical  Society  already  referred  to  was  "  that  sympathetic  ophtliahnitis 
occurring  without  a  j)erforating  lesion  of  the  exciting  eye  is,  if  not  un- 
known, at  any  rate  extremely  rare."  They  Avere  unalDle  to  find  any 
.undoubted  cases  of  sympathy  without  perforation,  the  nearest  approach 
to  this  being  a  few  cases  of  intraocular  tumour.  Such  cases  might, 
however,  be  decej)tive,  as  it  is  well  known  that  tumom-  growth  is  apt 
to  occur  in  the  site  of  some  old  injury. 

It  is  not  quite  clear  whether  sympathetic  ophthalmitis  is 
more  likely  to  occur  in  some  individuals  than  in  others.  Accord- 
ing to  some  writers  there  is  a  greater  tendency  to  it  in  young 
individuals,  whilst  others  again  have  held  the  opposite.  Guun 
has  pretty  conclusively  shown  that  there  is  little  foundation  for 
the  former  belief,  and  indeed  that  if  there  is  any  difference  at 
all,  it  is  probable,  when  diae  allowance  is  made  for  the  relative 
number  of  accidents,  that  the  liability  is  greater  in  advanced 
life.  Mackenzie  believed — but  without,  I  think,  any  very  good 
reasons — that  it  is  more  frequent  in  individuals  addicted  to  the 
excessive  use  of  alcohol  and  tobacco. 

The  interval  which  elapses  between  the  injury  to  the  first 
eye  and  the  outbreak  of  sympathetic  inflammation  of  the  second 
is  very  variable.  It  is  rarely  less  than  three  weeks,  and  may, 
as  has  several  times  been  observed,  be  longer  than  thirty  years. 
Gunn's  statistics  show  a  preponderance  of  cases  occurring  between 
the  third  and  fourth  week.  On  the  other  hand,  the  committee 
on  sympathetic  ophthalmitis  only  found  eighteen  cases  out  of 
over  two  hundred  in  which  the  interval  was  four  weeks  or  less. 

This  proportion  is  certainly  altogether  too  small,  and  is  evidently 
due  to  a  want  of  attention  on  the  part  of  the  contributors  to  this  point, 
as  in  fact  comjjaratively  few  answers  Avere  received  to  the  questions 
formulated  by  the  Committee  regarding  the  duration.  Of  these 
eighteen  cases,  six  began  after  four  weeks,  six  after  three,  tAvo  betAveeu 
two  and  three  Aveeks,  and  four  tAvo  Aveeks  or  less  after  the  accident. 
Tavo  of  these  last  are  certainly  doubtful ;  still  it  is  important  to 
remember  that  an  interval  of  not  more  than  ten  days  maj-  A'ery  ex- 
ceptionally intervene  between  the  primary  and  secondary  lesions. 

The  influence  of  the  length  of  interval  before  the  outbreak  of  the 
inflammation  in  the  sympatliising  eye  on  the  severity  as  Avell  as 
eventual  issue  of  the  disease,  Avas  another  jooint  to  Avhich  the  above- 
mentioned  Committee  directed  their  attention,  the  conclusion  arrived 
at  being  that  the  prognosis  is,  on  the  whole,  better  Avhen  the  disease 
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comes  on  after  a  short  than  after  a  long  interval.  The  accompanying 
table,  which  is  given  by  Gunn,  shows  the  relation  between  the  length 
of  the  interval  and  the  result  as  well  as  the  character  of  the  inflamma- 
tion. A  short  interval  was  o]ie  under  a  month,  a  moderate  one  from 
a  month  to  a  year,  and  a  long  one  more  than  a  year. 

Interval           A.                          B.  C 

Mild  or  Good.              Moderate.  Severe  or  Bad. 

Inflam.     Result.      Inflam.     Result.  Inflam.  Result. 

Sbort,         „           „            3           1  2  4 

Moderate,    4           4           15           8  11  18 

Long,          116           3  14 

From  this  table  Gunn  conclndes  "that  the  interval  appears  to 
have  httle  or  no  relation  to  the  severity  of  the  disease  in  these  cases ; 
perhaps  the  tendency  to  a  bad  result  may  be  said  to  have  been  rather 
greater  with  a  short  than  with  a  moderate  or  a  long  one."  This  con- 
clusion is  therefore  the  reverse  of  that  come  to  by  the  Committee.  We 
may  take  it  for  granted,  then,  that  if  any  difference  in  this  respect 
exists  at  all,  it  is  practically  unimportant. 

So  far  as  any  practical  considerations  are  concerned,  there 
IS  no  difference  in  the  severity  or  result  of  the  sympathetic 
inflammation,  whether  a  short  or  a  long  interval  intervene 
between  the  primary  lesion  and  the  characteristic  changes  in  the 
sympathising  eye. 

Gunn  has  found  the  type  of  inflammation,  as  well  as  the  residt 
relatively  severe  after  operations.  His  statistics  also  show  that  the 
position  of  the  injury  in  the  case  of  accidental  wounds  could  not  be 
shown  to  have  any  influence  on  the  character  of  the  inflammation  or 
the  result.  He  remarks  that  "  wounds  of  the  ciliary  region  had  as  low 
a  percentage  of  severity  as  those  confined  to  the  cornea,  with  implica- 
tion of  the  iris.  Similarly,  the  nature  of  the  mstrument  appeared  to 
make  no  dmerence  m  this  respect." 

Trmtment.—ln  the  treatment  of  sympathetic  ophthalmitis 
we  have  to  consider  what  can  and  might  in  any  particular  case 
be  done  m  order  to  prevent  the  occurrence  of  sympathy— that 
IS  to  say,  the  prophylaxis— and  also  what  is  to  be  done  when 
the  disease  has  already  shown  itself,  both  with  respect  to  the 
exciting  as  well  as  the  sympathising  eye.  There  are  few  diseases 
m  the  whole  range  of  surgery  in  connection  with  which  such 
diftculties  may  arise  as  to  the  right  course  of  treatment  to  be 
adopted.  The  complete  removal  of  the  exciting  eye  has  been 
lutherto  the  main  prophylactic  treatment  adopted,  although 
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other  opercations  have  from  time  to  tune  been  substituted  for  it, 
such  as  evisceration  of  the  globe,  section  of  the  optic  and  cihary 
nerves,  or  of  the  ciliary  nerve  alone. 

There  can  be  no  doubt  that  the  removal  of  the  one  eye  is 
capable  of  preventing  the  affection  of  the  other  eye,  which  would 
otherwise  take  place!    If  it  always  did  so,  much  of  the  difficulty 
in  deaUng  with  cases  liable  to  excite  sympathetic  intiammation 
would  disappear.    But  it  occasionally  happens,  though  perhaps 
less  frequently  relatively  than  some  suppose,  that  the  other  eye 
is  affected  after  complete  removal  of  the  injured  or  diseased  one. 
As,  however,  it  is  very  easy  to  overlook  the  first  onset  of  inflam- 
mation in  the  sympathising  eye,  it  is  more  than  probable  that 
many  cases  recorded  as  first  beginning  after  enucleation  have  m 
reality  begun  before,  and  escaped  observation.    In  two  cases  of 
this  nature  in  which  I  had  an  opportunity  of  observing  the 
onset  of  the  sympathetic  ophthalmitis,  the  outbreak  m  the 
second  eye  took  place  only  a  week  after  the  removal  of  the  first. 
In  the  one  the  enucleation  was  performed  six  weeks  after  injury ; 
in  the  other,  three  weeks  after  renewed  inflammation  had  begun 
in  an  eye  injured  three  years  before.    I  have  met  Avith  several 
other  instances  of  sympathetic  ophthalmitis  appearing  first  after 
enucleation,  but  have  not  had  an  opportunity  of  determmmg 
the  exact  time  which  elapsed  before  the  inflammation  began 
In  thirty  cases  discussed  by  the  Committee,  already  several 
times  referred  to,  the  interval  between  the  enucleation  and  the 
appearance  of  sympathetic  disease  was  under  three  weeks  m 
twenty-five  cases,  and  more  than  three,  up  to  as  long  as  eight 
weeks,  in  five.    The  practical  point  to  be  gathered  from  tins  is, 
then  that  if  three  weeks  have  elapsed  since  enucleation  there  is  still 
apo'ssiUlity,  hut  extremely  little  probability,  of  the  remaining  eye, 
if  it  has  previously  been  sound,  becoming  affected,  while  after  two 
months  it  may  be  considered  absolutely  safe. 

The  sympathetic  inflammation  never  occurs  if  the  first  eye 
be  removed  within  twenty-four  hours  after  it  has  been  injured, 
and  very  rarely,  if  ever,  if  the  operation  is  performed  within  the 
first  week.  The  decision,  therefore,  so  far  as  the  surgeon  is  con- 
cerned, is  not  so  difficult  to  come  to  if  the  case  should  happen 
to  come  under  treatment  from  the  first,  and  if  the  accident  has 
been  so  severe  as  of  itself  to  cause  complete  and  permanent  loss 
of  sight.    There  can,  then,  rarely  be  any  doubt  of  the  necessity 
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for  enucleation,  and  under  these  circumstances,  too,  when  the 
patient  is  informed  of  the  risk  which  would  afterwards  be  run 
by  the  remaining  eye,  it  is  seldom  that  he  will  not  give  his 
consent.  In  cases,  however,  whei-e  some,  and  still  more  in  cases 
where  considerable  sight  remains  after  an  accident,  it  may  not 
be  so  easy  for  the  surgeon  to  decide  on  operating,  or,  if  he 
should  deem  removal  of  the  eye  necessary,  to  obtain  the 
patient's  consent. 

The  desirability  of  enucleating  in  any  particular  case  will 
depend  on  the  severity  and  extent  of  the  injury  received,  as  well 
as  on  whether  or  not  there  has  been  a  likeHhood  of  the  intro- 
duction of  septic  matter  into  the  eye  at  the  same  time,  or  shortly 
afterwards.  All  wounds  involving  the  ciliary  region,  and  made 
with  some  dirty  instrument,  especially  if  they  have  been  suffi- 
ciently extensive  to  allow  of  the  escape  of  vitreous,  are  so 
dangerous  that  an  immediate  removal  of  the  eye  should  be 
urged.  Cleanly  cut  wounds  with  anything  which  is  itself  clean, 
such  as  steel  or  glass,  are  less  dangerous,  and  when  the  vision  is 
not  destroyed,  an  attempt  should  be  made  to  keep  the  eye,  by 
avoiding  as  much  as  possible  everything  which  would  be  likely 
to  set  up,  or  keep  up,  inflammation.  Thus  the  wound  should 
be  treated  antiseptically  in  the  manner  frequently  described 
already,  the  eye  should  be  bandaged,  and  the  other  shaded,  all 
reacUng  and  strong  light  avoided,  &c.  When  foreign  bodies  have 
penetrated  the  eye,  an  attempt  may  be  made  to  remove  them  if 
they  have  not  led  to  destruction  of  vision,  or  are  not  likely  to 
have  carried  septic  matter  with  them.  If  this  attempt  fails— and 
It  is  most  likely  to  do  so,  except  in  the  case  of  portions  of  steel 
and  iron— or  if  the  symptoms  of  irritation  to  which  their  presence 
gives  rise  do  not  quickly  subside,  it  will  be  necessary  to  have 
recourse  to  enucleation. 

There  can  be  little  doubt  that  the  fear  of  sympathetic  oph- 
thalmitis has,  in  this  country  at  least,  led  to  the  sacrifice  of  many 
eyes,  which  might  have  been  retained,  or  have  even  recovered  a 
useful  amount  of  sight,  and  never  caused  inflammation  in  the 
other ;  yet  it  would  take  many  mistakes  of  this  kind,  in  which, 
too,  there  will  always  be  a  doubt  as  to  whether  the  eye  might 
after  all  be  safely  left,  to  justify  the  same  self-reproach  which  the 
opposite  mistake  must  cause  in  any  one  who  is  properly  alive  to 
his  responsibilities.   In  many  instances  a  case  first  presents  itself 
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for  treatment  after  some  time  has  elapsed  since  the  occurrence 
of  the  accident,  or  after  perforation  has  taken  place  from  some 
other  caiise.  In  such  cases,  if  the  eye  is  blind,  soft,  and  tender 
to  touch,  there  can  be  no  question  that  the  proper  treatment 
is  to  enucleate  as  soon  as  possible,  as  the  patient  will  then 
have  the  best  chance  of  escaping  a  sympathetic  inflammation, 
and  is,  with  the  exception  of  the  appearance,  as  well  off  as  he 
was  before. 

The  difficulty  arises  when  such  an  eye  has  retained  some 
sight.  If  it  is  removed,  it  may  just  happen  that  this  is  done  too 
late,  and  the  other  eye  become  subsequently  affected.  It  should 
always  be  remembered  that  the  exciting  eye  may  eventually  be 
the  only  one  in  which  any  sight  remains ;  it  may  even  completely 
recover,  and  yet  the  sympathising  eye  be  lost.  In  nine  such  cases 
collected  by  the  Committee  on  sympathetic  ophthalmitis  the 
sympathiser  was  lost  five  times.  "When  this  happens,  I  believe 
the  proper  treatment  is  to  enucleate  the  second  eye,  as  cases  have 
been  met  with  where  there  seems  to  have  been  good  reason  to 
think  that  it  has  reacted  on  the  first  or  original  exciter. 

If,  when  the  case  is  first  seen  at  a  time  when  sympathetic 
ophthalmitis  has  already  begun,  the  exciting  eye  is  foimd 
to  be  bhnd,  it  should  be  removed,  provided  the  sympathising 
eye  has  not  long  been  inflamed — not  more  than  two  or  three 
weeks.  There  seems  every  reason  to  believe  that,  although  in 
most  cases  it  may  not  do  so,  enucleation  of  the  exciting  eye  has 
a  tendency  to  modify  the  severity  of  the  inflammation  in  the 
sympathiser.  This  risk  must  not,  however,  be  run  in  the  case 
of  exciters  which  have  retained  any  useful  amount  of  vision,  for 
reasons  similar  to  those  just  explained. 

The  treatment  of  the  sympathising  eye  is  one  on  which  there 
are  many  differences  of  opinion.  Mercury  is  most  commonly 
used,  and  beyond  this,  merely  the  ordinary  precautious  indicated 
in  all  cases  of  uveal  inflammation. 

Although  the  Committee  appointed  by  the  Oplithalmological 
Society  could  not  point  to  any  greater  success,  on  the  whole,  amongst 
cases  treated  with  mercury  than  amongst  those  treated  without,  their 
statistics  on  this  point  certainly  showed  that  mercurial  treatment  did 
no  harm.  It  is  always  difficult,  of  course,  to  prove  the  curative  action 
of  any  drug,  yet  I  should  certainly  not  hesitate  to  recommend  tlie 
systematic  use  of  mercury  in  sympathetic  ophthalmitis.  There  is  sucli 
a  general  impression  that  by  pushing  mercury  to  sahvation  the  mer- 
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curial  treatment  has  been  properly  tried,  that  statistics  gathered  from 
so  many  different  sources  are  in  this  respect  of  little  value.  The  fact 
is,  as  I  have  pointed  out  in  the  chapter  on  iritis,  that  symptoms  of 
mercuiialisation  must  be  avoided  as  long  as  possible  before  the  effect 
of  mercury  can  be  said  to  be  attained.  Cases  treated  during  many 
weeks  by  inunction,  as  can  be  done  with  proper  care,  are,  I  believe,  as 
a  rule  benefited  by  it. 

Atropine  should  be  used  from  the  first,  but  the  same  risks 
apply  as  for  iritis  from  other  causes ;  when  synechi^e  have 
formed,  and  the  use  of  a  mydriatic  appears,  from  the  dragging 
which  it  causes  on  the  attachments,  to  give  rise  to  irritation,  it 
has  to  be  discontinued. 

It  must  be  admitted  that  the  question  as  to  whether  or  not 
an  iridectomy  should  be  performed  is  one  of  considerable  practical 
difficulty.  Some  authorities  do  not  recommend  it  under  any 
circumstances ;  others  again  perform  the  operation  in  all  cases 
where  the  eye  has  come  to  rest,  but  warn  against  it  as  long  as 
there  is  any  irritation.  There  is  a  great  tendency  for  the  colo- 
boma  formed  to  close  up  again,  and  it  is  undoubtedly  the  case 
almost  always  that  any  operative  interference  only  makes 
matters  worse.  One  thing  there  can  be  little  doubt  about,  if  an 
iridectomy  is  attempted  it  should  be  made  as  large  as  possible. 
The  only  cases  in  which  it  appears  to  be  indicated  are  cases 
where  the  iris  is  decidedly  bombe,  and  in  which,  therefore,  there 
is  a  distension  and  not  an  obliteration  of  the  posterior  aqueous 
chamber.  Yet  even  in  such  cases  one  has  often  to  regret  having; 
interfered  at  all. 

In  all  cases  which  are  left  to  settle  down,  and  in  which  all 
vision  is  not  lost,  although  from  the  extensive  deposits  of  plastic 
exudation  in  the  pupil  it  is  very  defective,  the  best  and  safest 
chance  of  getting  an  improvement  is  to  extract  the  lens,  and 
afterwards,  as  will  always  be  found  necessary,  follow  this  up 
with  an  iridotomy,  which  should  only  be  performed  after  the 
lapse  of  many  months. 

Some  cases  of  sympathetic  inflammation  may  remain  for  a, 
long  time  quiescent,  and  then  recommence,  just  as  is  the  case 
with,  and  probably  for  much  the  same  reasons  as,  the  similar  in- 
flammation in  the  exciting  eye.  This  must  be  borne  in  mind  in 
connection  with  any  operation  performed  on  a  sympathetically 
inflamed  eye,  even  when  it  has  been  for  months  thoroughly 
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quiet,  and  for  this  reason  it  is  advisable,  when  there  is  any 
degree  of  useful  vision,  not  to  interfere  in  any  way. 

Eeference  has  already  been  made  to  other  operations  on  the 
exciting  eye,  which  have  recently  been  substituted  for  enuclea- 
tion. As  the  efficiency  of  the  operations  cannot  yet  be  said  to 
rest  on  any  established  practical  basis,  it  must  be  judged  of  from 
a  consideration  of  the  most  likely  pathology  of  sympathetic 
disease.  From  this  point  of  view  1  should  altogether  reject 
section  of  the  ciliary  nerves,  and  regard  even  the  division  of 
both  optic  and  ciliary  nerves  with  suspicion.  Indeed,  a  case  of 
sympathetic  ophthalmitis  has  already  been  met  with  by  Voelcker, 
after  optico-ciliary  neurotomy.  Evisceration,  however,  when 
performed  in  time — that  is,  not  later  than  the  first  week — would 
seem  to  fulfil  the  indications  required  in  all  cases  of  injury  to 
the  eye  at  all  events.  At  a  later  period  enucleation  gives 
possibly  a  better  chance.  The  number  of  times  that  evisceration 
has  been  performed  must  be  very  small  indeed,  compared  to  that 
in  which  the  eye  has  been  removed  altogether,  and  yet  two  cases 
have  already  been  recorded  by  Cross,  in  which  changes  described 
as  of  a  possibly  sympathetic  nature  were  met  with  after  the 
operation.  This  should  be  remembered,  although  the  fact  by 
no  means  proves  that  similar  changes  might  not  have  followed 
enucleation. 

Pathology. — An  explanation  of  tlie  pathology  of  sympathetic  oph- 
thalmitis, to  be  satisfactory,  must  account  for  certain  facts  connected 
with  this  disease,  of  ■•■vhich  the  foUowiug  are  the  chief: — (1)  "Why 
perforating  lesions,  and  such  as  cause  cyclitis,  should  be,  if  not  the 
only  exciting  causes,  at  least  by  far  the  most  frequent ;  (2.)  "Why  a 
certain  time — rarely  less  than  three  Aveeks — sliould  elapse  before  tlie 
.second  eye  becomes  afiected  ;  (3.)  "Why  removal  of  the  excitmg  eye  is 
not  always  sufficient  to  prevent  its  occurrence;  (4.)  "Why  some  cases 
only  come  on  long  after  the  first  eye  has  become  quiescent ;  (5.)  "\Vhy 
it  should  not  occur  with  cases  of  panophthahuitis  ;  and  (6.)  "Why  the 
inflammation  so  frequently  settles  in  the  ciliary  body  and  iris. 

One  view  held  by  Mackenzie  as  to  the  cause  of  sympathetic  ui- 
ilammation  was  that  the  state  of  irritation  of  the  retina  which  he 
supposed  to  be  affected  was  transmitted  to  the  retina  of  the  other  eye 
by  passing  up  the  one  optic  nerve  and  down  the  other.  An  irritation 
of  the  previously  sound  eye  produced  in  this  way  might,  he  beheved, 
be  the  beginning  of  the  more  serious  and  destructive  inflammation. 
Mackenzie,  whilst  mainly  apparently  inclining  to  this  explanation,  did, 
however,  admit  the  possibility  of  two  other  channels  of  transmission, 
viz.,  the  vessels  a,nd  the  ciliary  nerves. 
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It  was  Heinricli  Miiller  ■\vlio  first  succeeded  in  directing  general 
attention  to  the  ciliary  nerves  in  this  connection ;  and  more  or  less 
fanciful  explanations  of  the  transmission  along  this  channel  seem  to 
have  been  those  which  until  recently  were  most  generally  favoured. 
Possibly  some  kind  of  excitation  of  the  ciliary  nerves  may  account  for 
sympathetic  irritation,  but  it  is  pretty  certain  now  that  the  charac- 
teristic ophthalmitis  is  in  no  way  connected  with  it.  On  this  point  T 
cannot  do  better  than  quote  the  conclusions  arrived  at  by  Erailey. 
Speaking  of  inflammation  of  the  ciliary  nerves,  he  says  :  "  It  is  doubtful 
if  it  can  ever  be  a  cause,  since  it  is  not  infrequently  entirely  absent  in 
the  exciting  and  sympathetically  inflamed  eye,  and  since,  moreover,  it 
is  markedly  present  in  some  cases  of  irido-choroiditis,  which  neither 
have  produced,  nor,  judging  from  their  microscopical  characters,  are 
likely  to  produce,  sympathetic  disease.  Inflammation  round  the  ciliary 
nerves,  though  more  often  present  in  both  the  exciting  and  sympathetic 
eye,  is  not  an  essential  cause,  since  it  is  usually  less  marked  than  the 
inflannuation  round  the  accompanying  artery,  from  which  it  has 
evidently  spread."  It  has  also  been  supposed  that  the  coats  of  the 
ciliary  arteries  might  transmit  an  inflammation  from  the  one  eye  to 
the  other.  This  would  certainly  be  a  more  direct  course  for  the 
inflammation  to  take.  Erailey's  investigations  have  also  shown  tliis 
view  to  be  untenable,  as  the  inflammation  may  be  absent  in  cases 
which  give  rise  to  sympathetic  inflammation,  and  is  not  very  un- 
commonly met  with  in  panophthalmitis,  after  which  sympathetic 
disease  is  almost  unknown. 

In  1880  Berlin  suggested  a  metastatic  explanation.  According  to 
his  hypothesis,  germs  which  are  introduced  into  the  eye  owing  to"  its 
perforation  produce  by  their  development  and  multiplication  the 
characteristic  plastic  uveitis.  They  are  then  taken  up  l^y  the  circula- 
tion, and  although  deposited  in  ditferent  parts  of  the  body,  only  find  a 
suitable  nidus  for  their  destructive  development  in  the  uveal  tract  of 
the  other  eye.  The  experiments  adduced  in  support  of  this  view  are 
not  very  convincing,  and  do  not  clearly  demonstrate  anything  further 
than  the  much  greater  tendency  towards  the  production  of  severe 
inflammation  in  the  first  eye  when  septic  matter  is  introduced  into  it 
-bive  years  later  a  hypothesis,  essentially  siraUar  to  Berlin's,  in  so  far 
as  tlie  transference  was  supposed  to  take  place  through  the  circulation 
was  advanced  by  Hutchinson.  He,  however,  likens  sympathetic 
ophthalmitis  "to  the  process  which  occurs  in  the  multiplication  of 
malignant  new  growths  through  the  blood  elements,  rather  than  to 
that  by  bacillar  septicaemia."  Apart  from  the  improbability  of  the 
products  of  inflammation  being  removed  by  the  blood  and  deposited 
and  thereby  setting  up  a  similar  condition  of  inflammation  in  a  definite 
part  of  tlie  other  eye  alone,  this  view  is  not  consistent  with  clinical 
experience. 

In  1879  Knies  was  led,  by  the  microscopic  examination  of  the 
eyes  and  optic  nerves  in  a  case  of  serous  iritis,  to  put  forward  the  hypo- 
thesis that  sympathetic  inflammation  is  the  consequence  of  the  direct 
translerence  of  products  of  inflammation  along  the  lymph  channels  of 
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the  optic  nerves  and  their  sheaths.  He  subsequently  adduced  many- 
reasons,  based  on  clinical  as  well  as  pathological  investigations,  in 
support  of  this  view,  which,  although  generally  disbelieved  in  at  the 
time,  must  now  be  looked  upon  as  having  marked  the  commencement 
of  a  new  era  in  the  history  of  the  subject.  Not  long  afterwards 
Knies'  hypothesis  received  the  support  of  such  authorities  as  Horner, 
Leber,  and  Snellen,  the  last  of  whom,  at  the  London  Congress  in 
1881,  expressed  as  his  opinion  not  only  that  the  transference  from  one 
eye  to  the  other  took  place  along  the  sheaths  of  the  optic  nerves,  but 
that  in  all  probability  the  cause  of  the  symptoms  characterising 
sympathetic  inflammation  was  a  transference  of  germs  along  this 
channel.  In  1881  attempts  were  made  by  Deutschmann  to  produce 
sympathetic  inflammation  in  animals.  The  residt  of  these  experiments 
was  to  show  that  genns  introduced  into  one  eye  of  an  animal  did  find 
their  way  to  the  other  along  the  optic  nerves,  and  there  set  up  inflam- 
mation ;  but  it  was  not  foimd  possible  in  this  way  to  restrict  the 
inflammation  in  the  second  eye  to  the  uveal  tract.  Germs  were  also 
constantly  found  in  human  eyes  removed  on  account  of  having  excited 
sympathetic  inflammation,  and  even  portions  of  iris  excised  from 
sympathising  eyes  have  been  found  to  contain  similar  germs. 

Deutschmann's  researches  show  that  some  substance  capable  of 
exciting  inflammation  really  passes  by  the  optic  nerve  to  the  other 
eye.    This  substance  is  probably  in  most  cases  a  collection  of  micro- 
organisms, but  it  may  possibly  sometimes  be  some  material  residting 
from  their  action  on  the  tissues  of  the  first  eye.    It  thus  gives  a  satis- 
factory account  of  the  first  point  mentioned  at  page  350  as  requiring 
explanation.    The  second  difficulty,  again,  is  readily  explained  by  the 
passage  along  this  channel  necessarily  occupying  some  time,  while  it 
is  evident  that,  when  the  germs  have  got  the  length  of  the  nerve, 
removal  of  the  eye  could  not  be  sufficient  to  arrest  the  process,  which 
may  nevertheless  be  less  severe,  as  there  must  be  a  necessarily  less 
considerable  number  reaching  the  second  eye  when  the  source  of  their 
production  has  been  cut  ofi'.    In  this  manner,  therefore,  a  satisfactory 
explanation  seems  to  be  given  for  the  third  difficulty.   To  explain  the 
fourth  point — viz.,  why  cases  of  sympathetic  infiammation  should 
often  occur  long  after  the  original  lesion  which  has  given  rise  to  the 
first  inflammation,  and  therefore  long  after  the  presumable  introduc- 
tion of  micro-organisms  into  the  eye — it  is  necessary  to  assiune  that  it 
is  possible  for  these  organisms  to  become  encapsuled,  or  in  some  way 
prevented  from  being  carried  into  the  lymph  channels,  an  assumption 
which  is  not  inconsistent  with  their  known  behaviour  elsewhere. 
The  reason  why  injuries  to  the  ciliary  region  are  more  liable  to  cause 
sympathetic  mischief,  may  not  unlikely  be  because  that  part  of  the 
eye,  owing  to  anatomical  peculiarities,  as  well  as  its  bemg  difficult  to 
keep  at  rest,  is  more  subject  to  prolonged  inflammation.    There  are, 
besides,  in  connection  with  it  lymph  channels  which  communicate 
with  those  of  the  optic  nerves.    When  an  inflammation,  even  though 
produced  by  micro-organisms,  is  excessively  severe,  and  results  in 
purulent  destruction  of  the  tissues,  as  in  the  case  of  panophthalmitis, 
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the  lympli  channels  become  oLliterated,  and  the  danger  of  further 
transference  of  the  organisms  averted. 

The  immunity  given  then  by  panophthahnitis — a  clinical  fact 
which  has  long  been  observed — is  explained  without  too  great  stretch- 
ing of  this  hypothesis.  The  last  difficulty,  it  must  be  confessed,  has 
still  to  be  cleared  up,  although  it  is  easy  to  frame  a  hypothesis  con- 
sistent with  the  theory  of  germ-transmission  along  the  optic  nerve, 
which  appears  a  satisfactoiy  explanation.  Thus  it  is  a  well-known 
fact  that  these  minute  organisms  give  rise  to  the  most  evident  signs  of 
inflammation  at  the  point  where  they  tend  to  accumulate  in  the 
greatest  numbers,  and  it  does  not  seem  improbable  that  the  migrating 
organisms  may  pass  on  without,  as  a  rule,  causing  marked  disturb- 
ances, until  they  become  arrested  at  the  ciliary  body.  This,  however, 
requires  proof,  and  until  this  proof  is  furnished,  the  whole  question 
cannot  be  said  to  be  definitely  decided. 

Others,  and  notably  Gifibrd,  who  have  repeated  Deutschmann's 
experiments,  have  had  occasion  to  modify  the  theory  with  reference 
to  the  exact  channels  along  the  nerves  which  are  taken  by  the  migrat- 
ing germs,  but  the  main  results  have  been  pretty  Avell  confirmed. 

This  recent  elucidation  of  the  pathology  of  sympathetic  disease 
cannot  but  exercise  some  influence  on  the  treatment  of  such  cases. 
Thus  it  becomes  evident  that  the  operation  which  enables  one  to 
remove  the  largest  portion  of  the  course  along  which  the  infecting 
matter  travels  must  aflPord  the  greatest  chances  of  success.  Hence 
the  advisability  of  performing  enucleation  instead  of  evisceration, 
except  at  the  very  beginning,  before  it  is  likely  that  migration  has 
begun.  Further,  it  points  to  the  great  importance  of  careful  anti- 
septic treatment  of  all  perforating  wounds  and  ulcerations.  There 
can  be  little  doubt,  too,  that  prolonged  mercurial  treatment,  taking 
into  consideration  the  action  of  mercury  as  a  germicide,  is  indicated, 
while  every  means  of  allaying  irritation,  and  keeping  the  eye,  espe- 
cially the  ciliary  muscle  and  iris,  at  rest,  cannot  but  tend  to  exercise 
a  favourable  influence  on  the  exciting  process. 
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GLAUCOMA. 

The  disease  now  recognised  as  glaucoma  is,  on  account  of  its 
relative  frequency,  its  disastrous  course  wlien  left  alone,  and 
above  all  its  curability  if  treated  at  an  early  stage,  perhaps  the 
most  important  in  the  whole  range  of  eye  diseases. 

The  chief  objective  signs  of  glaucoma  are— (1.)  Increased 
tension ;  (2.)  Dilatation  and  immobihty  of  the  pui^il :  (3.)  Hazi- 
ness of  the  cornea :  (4.)  Shallowness  of  the  anterior  chamber  : 
(5.)  Enlargement  of  episcleral  veins  :  (6.)  Excavation  of  papilla : 
(7.)  Visible  pulsation  of  the  retinal  artery. 

At  the  same  time  the  following  subjective  symptoms  are 
met  with;— (1.)  Defective  visual  acuity:  (2.)  More  or  less 
characteristic  limitation  of  the  field  of  vision  :  (3.)  Photopsia : 
(4.)  Ansesthesia  of  the  cornea :  (5.)  Pain. 

A  marked  and  important  characteristic  of  glaucoma  is  the 
intermittent  nature  of  loth  objective  and  siibjective  stjmptoms. 
This  intermittency  is  met  with  at  all  stages  of  the  disease,  and 
even  persists  when  the  eye  is  totally  blind,  subjective  light 
sensations  and  pain  coming  on  every  now  and  then,  and  at 
other  times  being  wholly  absent. 

Glaucoma  is  met  with  in  different  forms,  and  various  classi- 
fications of  such  forms  are  adopted  by  different  writers.  From 
a  clinical  point  of  view  the  following  forms  are  usually  dis- 
tinguished : — 

A.  Primary  glaucoma. 

1.  Inflammatory  glaucoma. 

(a)  Acute.    iP)  Chronic. 

2.  Simple  glaucoma. 

B.  Secondary  glaucoma. 

Inasmuch,  however,  as  there  cannot  be  said  to  be  any  real 
inflammation  characteristic  of  glaucoma,  it  seems  better  to  use 
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the  term  congestive,  as  is  done  by  Priestley  Smith,  instead  of 
inflamnicatory. 

Clinically,  we  may' distinguish  three  stages  of  the  disease, 
in  whatever  form  it  is  met  with  : — (1.)  the  threatened  stage,  in 
which  the  premonitory  symptoms  to  be  shortly  described  assert 
themselves ;  (2.)  the  confirmed  stage,  in  which  the  disease  has  led 
to  defective  vision,  which  gradually  increases  until  (3.)  the 
glaucoma  is  said  to  be  cibsoliite,  or  has  resulted  in  complete 
destruction  of  vision.  In  many  cases  degenerative  changes  have 
already  begun  by  the  time  the  absolute  stage  is  reached ;  in  all 
cases  such  changes  eventually  make  their  appearance. 

Primary  glaucoma  is  essentially  a  disease  of  advanced  life ; 
it  is  rarely  met  with  before  the  age  of  forty,  and  increases  in 
frequency  with  age.  It  is  more  common  in  some  countries  than 
in  others.  In  this  respect  there  is  a  curious  difference  between 
England  and  Scotland,  the  disease  being  considerably  more 
frequent  in  England.  Among  10,000  consecutive  cases  treated 
in  the  Eye  Department  of  the  Edinburgh  Eoyal  Infirmary,  86 
were  cases  of  glaucoma — 45  in  women  and  41  in  men.  It  is 
more  common  amongst  Jews  than  Christians. 

It  is  most  common  for  both  eyes  to  be  subject  to  attacks  of 
glaucoma.  This  is  in  no  way  a  sympathy,  but  depends  upon  the 
fact  that  the  conditions  which  are  apt  to  lead  to  the  disease 
usually  exist  in  both  eyes. 

The  most  common  state  of  refraction  met  with  along  with 
glaucoma  is  hypermetropia.  It  has  been  pointed  out  that  a 
greater  proportion  of  eyes  with  glaucoma  are  hypermetropic 
than  can  be  accounted  for  by  the  proportion  of  hypermetropic 
compared  with  other  states  of  refraction  altogether.  This  has 
by  some  been  explained  by  supposing  that  the  disease  tended  to 
render  the  eye  hypermetropic ;  by  others,  on  the  other  hand,  by 
admitting  that  hypermetropic  eyes,  owing  to  rigidity  of  the 
sclera,  are  more  disposed  to  glaucoma.  The  first  view  has  been 
pretty  well  proved  by  actual  measurement  and  experiment  to 
be  incorrect.  As  to  the  second,  it  is  not  easy  to  say  in  how  far 
it  is  justified,  but  it  must  be  remembered  that  in  advanced  life, 
when  glaucoma  usually  occurs,  acquired  hypermetropia  is  very 
common. 

In  a  certain  proportion  of  cases  of  glaucoma,  variously 
estimated  at  from  one-third  to  three-fourths  of  all  cases,  the 
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actual  outbreak  of  the  disease  is  preceded  by  premonitory 
symptoms,  more  or  less  marked,  and  occurring  at,  as  well  as 
extending  over,  longer  or  shorter  periods  of  time.  What  dis- 
tinguishes the  disease  in  this  stage  from  that  in  which  it  may 
be  said  to  be  fully  developed  is,  that  during  the  intervals  between 
the  occurrence  of  these  symptoms  the  functions  of  the  eye  are 
to  all  appearance  normal.  The  only  manner  in  which  it  may 
be  found  abnormal  by  the  ordinary  methods  of  exammation  is 
in  the  frequent  existence  of  a  higher  degree  of  presbyopia  than 
that  which  corresponds  to  the  age  of  the  individual — a  condition 
which  should  consequently,  and  even  when  no  premonitory 
symptoms  have  been  observed,  excite  suspicion. 

The  premonitory  symptoms  are  obscurations  of  vision,  and  the 
appearance  of  haloes  round  lights.  The  vision  appears  more 
or  less  misty  and  veiled,  this  being  especially  noticeable  for 
objects  which  are  not  very  strongly  illuminated.  At  the  same 
time,  if  the  flame  of  a  candle  or  gas  jet  be  looked  at  against  a 
dark  background,  it  is  seen  to  be  surrounded  by  a  colourless 
space,  which  is  encircled  by  a  coloured  halo,  the  intensity  of 
which  differs  in  different  cases,  as  well  as  at  different  times  in 
the  same  case.  These  symptoms  usually  come  on  after  some 
mental  or  physical  fatigue,  e.g.,  a  sleepless  night,  or  prolonged 
fasting.  They  disappear  after  a  meal,  and  more  constantly  after 
sleep,  and  can  also  almost  invariably  be  cut  short  by  the  use  of 
a  myotic.  The  intervals  between  such  attacks  are  very  variable, 
often  amoimting  to  months  or  years,  but  usually  having  a 
tendency  to  become  shorter  and  shorter,  until  the  glaucoma 
suddenly  or  gradually  passes  from  the  premonitory  to  the 
confirmed  stage. 

Premonitory  symptoms  appear  to  be  on  the  whole  more 
common  the  younger  the  individual  attacked  with  glaucoma. 
The  cloudy  vision  varies  in  amount,  but  may  be  very  disagree- 
able to  the  patient  at  a  time  when  he  is  found  on  examination 
to  have  full  visual  acuity,  although  as  a  rule  it  is  accompanied 
by  some  diminution  in  the  acuteness  of  vision.  The  halo  seen 
is  always  perfectly  circular.  Its  apparent  size  increases,  and 
the  breadth  of  each  coloured  ring  becomes  greater  the  further 
the  light  is  from  the  eye. 

According  to  Laqueur,  who  made  a  number  of  perimetric  measure- 
ments of  it,  the  diameter  of  the  halo  is  pretty  constantly  from  10°  to  1 1°, 
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-while  Donders'  measurements  only  give  7°.  IMeasurements  wliicli  I  have 
made  confirm  those  of  Donders.  From  7°-8°  may  be  taken  as  the  usual 
diameter.  The  intensity  of  each  colour,  apart  from  individual  differences 
in  the  luminosity  of  the  flame  round  Avhich  they  are  seen,  depends  on 
the  character  of  the  light.  Round  candle  and  gas  flames  the  red  hues 
are  the  strongest,  whilst  the  bluish  ones  predominate  round  the 
electric  light.  The  halo  is  independent  of  the  direction  from  which 
light  falls  into  the  eye,  and  is  therefore  seen  as  well,  though  not  with 
the  same  distinctness,  round  objects  situated  eccentrically  with  respect 
to  the  line  of  vision.  In  some  cases  radiating  striae  are  seen  besides 
the  coloured  rings.  The  colourless  space  which  immediately  surrounds 
the  flame  is  light  near  the  flame,  and  becomes  darker  and  darker  the 
nearer  it  is  to  the  rings  of  colour.  These  again  are  always  arranged  in 
the  same  order,  the  most  external  ring  being  red,  the  most  internal 
bordering  on  the  black  space,  bluish  or  bluish-green. 

During  the  premonitory  attack  the  tension  of  the  eye  is 
always  increased  alid  there  is  more  or  less  diffuse  opacity  of 
the  cornea.  Sometimes,  however,  the  opacity  is  so  slight  as  to 
be  barely  noticeable  on  oblique  ilkmiiuation.  There  can  be  little 
doubt  that  the  haloes  are  due  to  the  diffraction  of  the  rays  passing 
into  the  eyes,  and  this  diffraction  probably  mainly  takes  place 
in  the  cornea  as  the  result  of  the  opacity,  the  nature  of  which  is 
described  later  on. 

This  was  proved  by  Donders  as  long  ago  as  1850.  He  found  that, 
on  covering  the  lower  half  of  the  pupil,  the  outer  and  upper,  and 
lower  and  mner  quadrants  of  the  halo  disappear,  while  on  covering 
the  upper  half  the  other  quadrants  disappear.  The  prismatic  arrange- 
ment of  the  colours,  the  fact  that  they  are  iminflucnced  either  by 
accommodation  or  the  movements  of  the  eye,  as  well  as  the  occasional 
appearance  of  a  second  halo  with  the  same  distribution  of  coloiu- 
as  the  first,  are  further  confirmations  of  the  truth  of  Donders' 
explanation. 

The  obscurations  of  vision  are  also  to  a  great  exte;it,  though 
probably  not  entirely,  due  to  the  opacity  of  the  cornea.  To 
some  extent,  varying  most  likely  in  different  cases,  they  appear 
to  depend  on  the  alteration  which  takes  place  in  the  choroidal 
and  retinal  circulation,  by  which  the  light  sense  is  diminished. 
This  explanation  is  suggested  by  the  more  marked  veiling  which 
is  experienced  by  the  patient  in  subdued  light,  as  well  as  by  the 
not  altogether  infrequent  occurrence  of  misty  vision  when  the 
cornea  is  to  all  appearance  clear. 

The  vision  of  haloes  round  lights  is  not  altogether  pathognomonic 
01  glaucoma.    It  is  met  with,  for  instance,  in  cases  of  conjunctivitis, 
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owing  to  the  diffraction  caused  by  tlie  conjunctival  secretion  lying  in 
front  of  the  cornea.  In  such  cases  the  haloes  disappear  on  rubbing 
the  eye.  A  good  many  people,  too,  with  normal  eyes  see  them, 
especially  if  the  pupil  be  dilated.  They  are  probably,  however, 
rarely  seen  of  the  same  intensity  as  in  glaucoma,  so  that  when 
suddenly  observed  they  should  awaken  suspicion. 

If  an  ophthalmoscopic  examination  be  made  at  the  time 
when  the  premouitory  symptoms  are  complained  of,  there  is 
sometimes  seen  to  be  a  spontaneous  pulsation  of  the  arteries  on 
the  disc.  This  appearance  disappears  with  the  disappearance 
of  the  subjective  symptoms,  and  of  the  increase  of  intraocular 
tension.  The  same  pulsation  may  be  produced  by  external 
pressure  on  the  eye,  and  in  cases  where  the  intraocular  tension 
is  increased,  and  yet  the  pulsation  not  visible,  it  may  often 
readily  be  elicited  by  slight  pressure  on  the  eye  with  the  finger. 

One  cause  of  the  pulsation,  therefore,  appears  to  he  the  interference 
with  the  arterial  blood-current  residting  from  the  abnormal  degree  of 
tension  within  the  eye ;  but  it  is  probable  that  in  most  cases  where  it 
occurs  spontaneously  there  is,  besides,  some  disease  of  the  arteries, 
which  may  or  may  not  be  associated  with  diminished  blood  pressure. 

The  increased  intraocular  tension  is  not  always  present  at 
the  time  of  examination  of  an  eye  affected  with  glaucoma. 
During  an  attack  when  the  cornea  is  hazy,  the  vision  more 
interfered  with  than  usual,  and  the  patient  suffering  pain  in  the 
eye  and  over  other  parts  in  the  region  of  distribution  of  the  fifth 
nerve,  increased  tension  is  rarely  if  ever  absent.  In  the  non- 
congestive  form  of  glaucoma  it  is  usually  less  constant  and 
less  pronounced  than  in  that  in  which  there  exists  an  e^ddent 
congestion.  The  degree  of  intraocular  tension  is  subject  to 
considerable  differences  physiologically,  some  eyes  being  dis- 
tinctly harder  than  others,  and  for  this  reason  it  is  not  by  any 
means  easy  to  feel  sure  in  any  particular  case  that  the  tension 
is  higher  than  normal.  If,  for  other  reasons,  one  is  led  to 
suspect  a  possible  increased  tension  in  one  eye  only,  it  should 
be  compared  carefully  with  the  other,  which  affords  the  best 
standard  for  judging  of  the  tension  in  the  doubtful  one. 

Various  instruments  called  tonometers  have  been  devised 
for  the  purpose  of  measuring  the  intraocular  tension,  but  none 
of  these  appear  to  afford  any  more  delicate  or  more  trust- 
worthy information  that  is  given  by  palpation  with  the  ends  of 
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the  fingers.  Two  ways  of  making  such  palpation  may  be  em- 
ployed. The  point  of  each  forefinger  may  be  placed  on  the 
closed  eye,  and  alternately  pressed  gently  upon  the  globe  through 
the  upper  lid;  or  the  forefinger  of  one  hand  may  be  applied 
directly  to  the  conjunctiva  covering  the  sclera  when  the  eye  is 
directed  upwards,  and  a  series  of  slight  taps  given,  without  at 
any  time  removing  the  finger  altogether  from  contact  with  the 
eye.  In  either  of  these  ways  the  resistance  of  the  eye  can  be 
determined  with  considerable  delicacy,  so  that  a  little  practice 
suffices  to  enable  one  to  gauge  the  relative  hardness  of  two  eyes 
tested  at  the  same  time.  It  is  more  difficult  to  acquire  the 
power  of  estimating  the  amount  of  change  in  tension.  It  is 
customary  to  distinguish  three  degrees  of  increased  hardness. 
These  three  degrees,  which  were  pointed  out  by  Bowman  as 
practically  distinguishable,  are — (1.)  A  marked  increase,  as  com- 
pared with  the  normal,  or  T  +  1  according  to  Bowman's  nota- 
tion ;  (2.)  A  great  increase,  but  one  in  which,  to  the  palpating 
finger-points,  the  eyeball  still  admits  of  some  dimpling  of  the 
globe,  T  +  2  ;  and  (3.)  That  degree  of  tension  upon  which  no,  or 
little,  impression  is  made  even  by  firm  pressure  on  the  eye, 
T  +  3.    A  doubtful  increase  may  be  noted  as  T  +  ? 

While  such  a  division  is  extremely  practical  and  imiversally 
adopted,  it  must  not  be  supposed  that  any  hard  and  fast  line  exists 
between  the  different  degrees  of  increased  tension ;  thus  it  is  not  an 
uncommon  thing  to  find  a  degree  of  tension  which  would  be  denoted 
by  one  examiner  as  T  +  1,  and  by  another  equally  practised  as  T  4-  2. 
This  is,  however,  of  course  a  matter  of  little  importance,  as  under  such 
circumstances  there  is  no  doubt  as  to  the  abnormal  degree  of  tension. 
The  more  important  cases  are  those  in  which  there  may  be  a  diiference 
of  opinion  as  to  whether  any  increase  in  tension  does  or  does  not 
exist. 

Dilatation  of  the  pupil,  along  with  more  or  less  complete 
immobility,  is  very  constant  in  glaucoma.  The  dilatation  is  not 
always  regular,  and  the  pupil  is  frequently  oval  or  egg-shaped, 
owing  to  greater  dilatation  at  some  parts  than  at  others.  This 
is  a  point  of  some  importance  in  connection  with  the  differential 
diagnosis  between  simple,  non-congestive  glaucoma  and  optic 
atrophy.  The  eye  presents  at  the  same  time  a  muddy  appear- 
ance, and  the  pupil  frequently  has  that  greyish-green  colour 
which  gave  rise  to  the  name  of  glaucoma.  This  is  due  to  the 
reflection  of  light  from  the  surface  of  the  lens,  modified  to  some 
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extent  by  the  opacity  of  the  cornea,  and  probably  also  the  aqueous 
humour,  and  apparent  on  account  of  the  dilatation  of  the  pupil. 
The  pupil  may  be  got  to  contract  by  the  use  of  eserine,  and 
to  dilate  still  further  by  atropine,  in  most  cases  where  the 
iris  tissue  has  not  undergone  an  atrophic  change — most  readily 
therefore,  on  the  whole,  in  early  cases.  There  is  consequently 
no  real  paralysis,  so  that  the  term  iridoplegia  which  is  some- 
times used  to  express  the  condition  of  the  pupil,  is  hardly 
applicable. 

It  is  generally  assumed  that  the  dilatation  is  the  result  of  a  paresis 
of  the  ciliary  nerves  to  the  iris  caused  by  the  increased  fluid  pressure 
within  the  eye.  Schnahel  has,  however,  pointed  out  very  correctly 
that  this  view  necessitates  the  unwarrantable  assumption  that  one  set 
of  fibres  within  the  eye  is  paralysed  by  pressure,  whilst  others  escape. 
There  are  certainly  no  anatomical  reasons  for  supposing  that  the 
dilator  nerve  fibres  should  escape  a  pressure,  which  would  tell  on  those 
supplying  the  sphincter  pupillse,  nor  has  it  been  shown  that,  given  an 
equal  degree  of  compression  of  iDotli  sets  of  fibres,  the  function  of  the 
latter  should  sooner  and  more  completely  be  interfered  with  than  that 
of  the  former.  There  is  further  the  difficulty,  which  von  Graefe 
recognised,  of  explaining  on  this  assumption  the  frequent  irregularities 
met  with  in  the  dilated  pupil.  A  dilated  pupil  is  found,  too,  in  cases 
where  the  tension  is  not  distinctly  increased.  Besides,  the  dilatation 
often  unmistakeably  precedes  other  symptoms  of  glaucoma.  When  the 
pupil  is  dilated  there  is  a  correspondmg  constriction  of  the  vessels  ^  of 
the  iris.  It  is  not  improbable,  therefore,  that  the  dilatation  which 
takes  place  in  glaucoma  may  be  due  to  the  occurrence  from  some  cause 
or  other  of  such  a  vascular  constriction.  On  the  other  hand,  Priestley 
Smith  has  shown  that  one  can  by  pressure  on  the  eye  produce 
dilatation  of  the  pupil. 

Tlie,  haziness  of  the  cornea  is  a  constant  appearance  during 
the  period  of  exacerbation  in  all  congestive  cases.  In  chronic 
non-congestive  cases  it  is  often  absent,  or  present  only  to  a  very 
slight  extent,  though  at  times,  when  the  tension  is  high,  it  may 
even  in  such  cases  be  sufficiently  evident.  The  peculiarity  of 
the  corneal  opacity  in  glaucoma  is  that  it  is  uniform  and  most 
intense  toward  the  centre  of  the  cornea.  It  is  always  accom- 
panied by  a  dull  and  somewhat  stippled  appearance  of  the 
surface.  A  characteristic,  too,  is  the  disappearance  of  the 
opacity  immediately  on  or  very  soon  after  the  return  of  the 
tension  to  the  normal. 

The  cause  of  the  opacity  was  long  ago  rightly  referred  to  oedema  of 
the  cornea  by  Arlt,  but  it  remained  for  Fuchs  to  give  the  anatomical 
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demonstration  of  the  oedema.  This  he  did  in  the  case  of  eyes  enucleated 
for  sarcoma  in  M'hich  there  Avere  glaucomatous  symptoms.  Vertical 
sections  through  the  cornea  in  such  cases  show  spaces  between  the 
lamellffi,  which  are  either  empty  or  filled  with  a  coagulated  fluid. 
These  spaces  are  more  numerous  towards  the  anterior  part  of  the 
cornea.  In  such  sections  coloured  with  carmine  numerous  fine  dark 
lines  may  be  seen  traversing  Bowman's  membrane  from  behind  forwards. 
These  are  not  seen  in  nou-oedematous  cornese,  and  correspond  to  the 
dark  lines  which  are  to  be  found  in  sections  stained  with  chloride  of 
gold.  They  are  in  fact  the  nerve  filaments  which  pass  outwards  to 
the  corneal  epithelium.  They  are  visible  in  the  cedematous  cornea  on 
account  of  the  deeper  staining  of  the  coagulated  fluid  which  passes 
along  the  nerve  channels  to  reach  the  epithelial  cells  between  and 
behind  which  it  is  found  to  lie.  It  is  this  position  of  the  fluid  which 
gives  the  dull  stippled  appearance  to  the  surface  of  the  cornea.  Fuchs' 
preparations  leave  no  doubt  that  the  fluid  passes  by  the  nerve  channels. 
He  considers,  too,  that  it  coagulates  as  soon  as  it  comes  into  contact 
with  the  epithelial  cells.  This  cannot  be  the  case,  as  a  general  rule  at 
all  events,  as  it  is  well  known  that  the  haziness  generally  immediately 
clears  ofl'  after  the  performance  of.  iridectomy.  There  is  probably 
always  some  fluid  between  the  corneal  lamellae,  but  it  is  only  when  the 
intraocular  jDressure  is  increased  that  a  stasis  in  and  a  distension  of 
the  spaces  occur,  with  a  still  further  pressure  into  the  epithelial  layer, 
and  a  disappearance  of  the  oedema  on  the  return  of  the  normal  tension 
is  due,  no  doubt,  to  the  elasticity  of  corneal  tissue.  In  old-standing 
cases  a  permanent  form  of  opacity  is  met  with,  which  is  probably  due 
to  some  other  cause  than  mere  oedema. 

Shallowness  of  the  anterior  chamber  is  almost  invariably  met 
with  to  a  greater  or  less  extent,  though  sometimes  the  opposite 
condition  occurs.  The  shallowing  is  due  to  the  pushing  forwards 
of  the  lens  and  peripheral  portion  of  the  iris ;  in  long-standing- 
cases,  also  no  doubt  to  the  adhesion  which  takes  place  between 
the  periphery  of  the  iris  and  the  posterior  surface  of  the  cornea, 
which  leads  to  the  blocking  up  of  the  angle  of  the  anterior 
chamber.  At  times  when  the  tension  is  great  the  anterior 
chamber  is  often  reduced  so  much  in  depth  that  the  performance 
of  iridectomy  is  rendered  difficult.  In  most  cases  where  glaucoma 
occurs  in  young  individuals  the  anterior  chamber  instead  of  being 
shallow  is  abnormally  deep.  This  is  also  the  case  in  some  forms 
of  secondary  glaucoma. 

Enlargement  of  episcleral  veins  occurs  in  most  cases  which 
have  existed  for  some  time,  more  especially  in  the  congestive 
fonn  of  the  disease,  though  this  change  is  rarely  absent  altogether, 
even  m  cases  of  simple  glaucoma.    In  acute  congestive  glaucoma 
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we  meet  with  hypertemia  and  chemosis  instead,  as  the  result  of 
the  sudden  disturbance  in  the  venous  circulation  within  the 
eyes,  which,  when  long  continued,  is  the  cause  of  the  distension 
of  the  external  veins. 

Excavation  of  the,  papilla — the  so-called  glaucoma  cupping 
— ^is  met  with  sooner  or  later  in  all  cases  of  glaucoma,  but  the 
extent  of  the  cupping  does  not  stand  in  any  very  close  relation  to 
the  degree  of  visual  defect.  Wlien  fully  developed,  the  papilla  in 
glaucoma  presents  the  following  appearances  on  ophthalmoscopic 
examination.  The  vessels  are  pushed  to  the  inner  or  nasal  side, 
and  appear  to  bend  sharply  round  the  margin  of  the  disc  in  this 


Fig.  95. — Glaucoma,  external  appearances. 

situation,  without  therefore  coursing  over  any  portion  of  normal 
papilla,  the  veins  being  at  the  same  time  frequently  distended 
and  the  arteries  small.  The  rest  of  the  papilla  presents  a 
greyish-blue  appearance,  which  is  seldom  uniform,  being  more 
frequently  specked  with  white,  especially  at  the  centre.  There 
is  besides,  usually,  and  when  the  retinal  vessels  are  not  very 
greatly  atrophied,  a  blurred  appearance  of  vessels  to  be  seen 
in  this  bluish  area.  A  few  cases  of  htemorrhage  into  the  cup 
have  been  recorded.  According  to  Loring  the  appearance  of 
hcemorrhage  may  possibly  be  due  in  some  such  cases  to  the  for- 
mation of  numerous  new  vessels.    Surrounding  the  papilla  there 
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is  almost  invariably  a  whitish-yellow  ring  visible,  the  breadth  of 
which  varies  considerably  in  different  cases,  but  which  is  seldom 
very  broad — seldom  measuring,  for  instance,  one-fourth  or  one- 
third  the  breadth  of  the  papilla — although  it  is  occasionally  seen 
even  quite  as  broad  as  the  papilla.  The  breadth  is  as  a  rule 
uniform  throughout.  With  ordinary  care  it  is  easy  to  satisfy 
one's-self  that  this  ring  is  not  a  portion  of  the  papilla  itself,  but 
an  abnormal  appearance  of  the  immediate  surroundings  of  the 
papilla. 

These  appearances,  which  were  observed  soon  after  the  invention 
of  the  ophthalmoscope,  and  the  discovery  of  which  led,  as  has  been 


Fig.  96. — Cupping  of  disc,  from  a  case  of  glaucoma. 

already  said,  to  a  considerable  modification  in  the  views  as  to  the 
nature  of  glaucoma,  were  at  first  talcen  as  representing  a  swelling  or 
prominence  of  the  papilla  instead  of  an  excavation,  a  mistake  which 
was  not  long  in  being  corrected  by  "Weber. 

Even  a  slight  degree  of  excavation  can  be  readily  diagnosed 
by  the  indirect  method  of  ophthalmoscopic  examination,  by  ob- 
serving the  parallax  caused  by  moving  the  lens  from  side  to  side. 
The  edges  of  the  papilla  are  in  this  way  seen  to  apparently  slide 
back  and  forwards  over  the  central  part.    From  this  we  know 
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that  the  aerial  image  of  the  borders  of  the  disc  lies  nearer  the 
observer  than  that  of  the  centre  of  the  disc,  and  consequently  is 
that  of  an  object  whose  distance  behind  the  cornea  is  less.  The 
actual  depth  of  the  excavation  can  be  approximately  determined 
by  estimating  the  refraction  by  direct  ophthalmoscopic  examina- 
tion of  the  mai-gin  and  of  the  centre  or  deepest  part  of  the  cup, 
and  allowing  three  dioptres  to  every  millimetre.  With  Giraud 
Teulon's  binocular  ophthalmoscope  the  proper  relief  is  obtained 
and  the  excavation  evident. 


Fig.  97. — Longitudinal  section  through  papilla  with  glaucomatous  excavation, 
showing  cause  of  ophthalmoscopic  appearances  (after  Fuclis). 

There  is .  little  difficulty,  as  a  rule,  in  diagnosing  a  glau- 
coma excavation  when  fully  formed,  but  the  less  marked 
changes  which  occur  at  first  are  by  no  means  always  entirely 
characteristic,  and  may  be  confounded  with  physiological  ex- 
cavation, and  also  with  that  excavation  which  is  met  with  in 
atrophy  of  the  nerve.  When  the  visual  defect  is  inappreciable, 
the  glaucoma  excavation  may  be  taken  for  a  physiological  one, 
while,  on  the  other  hand,  in  cases  where,  from  some  cause  or 
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other,  vision  is  at  the  same  time  impaired,  one  is  apt  to  ascribe 
undue  importance  to  an  existing  physiological  excavation.  The 
physiological  excaA^ation  is  white,  and  never  involves  very  much  of 
the  nasal  part  of  the  disc,  over  which  the  vessels  can  consequently 
always  be  seen  to  course.  When  large,  it  may  extend  over  a  large 
part,  or  even  the  whole,  of  the  temporal  half.  The  vessels  can 
generally  be  followed  down  the  side  of  the  excavation,  which  is 
funnel-shaped,  and  not  steep,  as  that  met  with  in  glaucoma. 
In  cases  of  uncertainty  we  have  to  fall  back  upon  the  subjective 
symptoms,  in  order  to  avoid  mistakes.  The  greatest  difficulty 
is  experienced  in  simple  glaucoma  sometimes,  when  the  excava- 
tion is  not  very  characteristic,  as  the  subjective  symptoms  are 
hardly  distinguishable  from  those  accompanying  atrophy.  The 


Fig.  98. — Diagrammatic  representation  of  the  different  forms  of  excavation. 
{«)  Physiological ;  (&)  Atrophic  ;  (c)  Glaucomatous  (after  Fuchs). 


atrophic  excavation  is  shallow,  and  as  a  rule  occupies  the 
whole  disc.  The  vessels  never  bend  sharply  over  the  margin 
of  the  disc,  and  can  be  seen,  more  or  less  out  of  focu^s,  continually 
from  the  point  or  points  at  which  they  emerge  from  the  nerve. 
The  appearances,  which  of  themselves  would  tend  to  render 
glaucoma  the  probable  cause  of  the  excavation,  should  it  be 
slight  and  not  very  typical,  are  the  crowding  of  the  vessels  to 
the  nasal  side  of  the  disc,  and  the  yellowish  ring  surrounding 
the  disc.  The  straight  dipping  of  all  the  vessels,  which  is  met 
with  in  a  later  stage,  is  quite  characteristic. 

A  spontaneous  pulsation  of  the  retinal  arteries  on  the  cupped 
disc  is  almost  a  certain  proof  of  the  existence  of  glaucoma. 
Such  visible  arterial  pulsation  is  very  rare  under  other  circum- 
stances.   It  is  due  to  some  resistance  to  the  flow  of  blood 
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through  the  retinal  arteries,  so  that  the  current  is  only  com- 
plete during  a  systole.  The  impediment  is  mainly  no  doubt 
the  result  of  increased  intraocular  pressure  on  the  vessels,  but  it 
is  possible  that,  in  many  cases  at  least,  it  is  due  in  some 
measure  to  an  active  spasmodic  constriction  of  these  vessels 
themselves.  It  disappears  almost  invariably  after  iridectomy, 
and  cases  where  this  pulsation  is  visible  are  such  as  are  most 
likely  to  be  benefited  by  operation. 

The  cause  of  the  excavation  of  the  papilla  in  glaucoma  appear-s  to 
he  the  gradual  recession  of  the  lamina  cribrosa.  This  structure  seems 
unable  to  resist  for  long  the  increased  pressure  to  which  it  is  sub- 
jected, so  that  after  frequent  attacks  of  abnormal  tension  the  end  of 
the  nerve  becomes  hollowed  out.  The  excavation  of  the  papilla 
depends  in  all  probability  less  on  the  degree  than  on  the  duration  of 
the  increased  tension.  The  yeUow  rmg  is  generally  beheved  to  be  due 
to  some  atrophy  of  the  choroid  caused  by  pressure  or  distension  as  the 
lamina  cribrosa  recedes.  Some  have  mamtaiued  that  the  appearance 
is  produced  by  an  inflammatory  exudation  which  takes  place  in  this 
situation.  The  great  regularity  in  breadth  seems  to  argue  strongly  in 
favour  of  the  distension  being  the  first  cause,  although  it  is  not 
unlikely  that  in  some  cases  inflammatory  as  well  as  purely  atrophic 
changes  may  take  place. 

It  is  believed  by  some  that  the  want  of  resistance  in  the  lamina 
cribrosa  is  the  result  of  inflammatory  change,  which  may  be  so  pro- 
nounced as  to  admit  of  its  recession  and  the  consequent  cupping,  even 
where  the  tension  of  the  eye  has  at  no  tune  risen  above  the  normal 
standard.  If  this  be  the  case  at  all,  it  is  certainly  not  a  common 
occurrence,  most,  if  not  all,  excavations  being  met  with  where  at  all 
events  occasional  increase  in  the  intraocular  tension  takes  place.  It 
seems  not  unlikely,  too,  that  there  may  be  an  individual  diff"ereuce 
in  the  resistance  of  the  lamina  cribrosa.  Whether  tlie  pathological 
changes  which  are  undoubtedly  met  with  m  the  nerve  in  many  cases 
tend  to  favour  this  yielding  to  the  increased  tension  or  not,  does  not 
appear  to  be  as  yet  satisfactorily  estabhshed. 

Tlic  amtencss  of  vision  begins  to  diminish  and  become  per- 
manently impaired  as  soon  as  the  glaucoma  has  passed  from  the 
premonitory  to  the  fully  developed  stage.  During  the  existence 
of  premonitory  symptoms,  more  or  less  diminution  of  vision 
takes  ]place,  but  this  is  recovered  from  as  soon  as  the  attack 
passes  off.  Even  in  cases  which  have  advanced  to  true  glaucoma 
we  may  usually  distinguish  between  a  permanent  and  a  transitory 
element  in  the  amblyopia.  During  each  exacerbation  which 
occurs  in  an  inflammatory  case  of  glaucoma,  the  vision  is  worse 
than  before ;  after  the  acute  symptoms  subside  there  is  a  gradual 
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recovery  to  a  certain  extent,  which,  however,  does  not  as  a  rule 
lead  to  a  restoration  of  the  same  degree  of  acuteness  which 
existed  before  tlie  attack.  Each  attack,  therefore,  leaves  vision 
more  impaired  than  before,  until  it  is  eventually  lost  altogether. 

There  is  a  very  great  difference  in  the  rapidity  with  which 
complete  destruction  of  vision  takes  place,  a  difference  which 
depends  on  the  nature  and  severity  as  well  as  the  frequency  of 
the  acute  attacks,  and  also  upon  the  continuance  of  the  increased 
tension.  In  the  most  acute  cases,  where  the  symptoms  of  con- 
gestion are  excessive,  vision  niay  be  altogether  lost  in  a  few 
hours.  To  such  cases  the  name  glaucoma  fidminans  has  been 
given,  while,  on  the  other  hand,  chronic  cases,  and  more  par- 
ticidarly  chronic  non-congestive  cases,  may  not  lead  to  the 
complete  loss  of  vision  until  after  the  lapse  of  many  years. 

These  differences  render  it  probable  that  there  are  two  ways  in 
which  the  vision  is  lost — (1)  as  the  result  of  the  increased  tension 
within  the  eye,  and  (2)  where  the  amaurosis  is  rapidly  produced  as 
the  direct  result  as  well  of  the  vascular  state  which  gives  rise  to  the 
increased  tension.  Probably  the  suddenness  and  possible  completeness 
of  the  ischsemia  of  the  retinal  vessels  is  sufficient  to  permanently 
abolish  vision,  just  as  it  does  in  cases  of  embolism  of  the  central  artery 
of  the  retina. 

Various  views  are  entertained  as  to  bow  the  increased  intraocular 
tension  causes  the  amblyopia.  By  some,  for  instance,  it  is  supposed 
that  the  pressure  upon  the  fibres  in  the  optic  nerve  dnectly  leads  to 
the  blindness.  Another  hypothesis  is,  that  the  increased  pressure  on 
the  retina  is  the  cause  ;  while  others,  again,  believe  that  the  functional 
activity  of  the  retuia  is  gradually  lost  owing  to  an  interference  caused 
by  the  pressure  in  the  blood  supply  to  the  delicate  structures  of  the 
retina. 

Restriction  of  tlie  field  of  vision  occurs  at  the  same  tune  as 
the  defect  in  the  acuity  of  the  central  vision.  This  restriction 
seems  first  to  have  been  pointed  out  by  Mackenzie.  There  is 
no  absolute  constancy  in  the  manner  in  which  the  field  of  vision 
is  invaded,  but  most  frequently  one  finds  the  nasal  portion 
abolished  to  a  greater  extent  at  first  than  other  portions  of  the 
field,  and  not  infrequently  this  portion  alone  can  be  demon- 
strated to  be  defective.  Wherever  the  restriction  is  it  is 
generally  continuous;  that  is  to  say,  there  are  not,  as  a  rule, 
scotomata,  but  if  one  part  of  the  retina  has  lost  its  function, 
that  of  the  parts  more  peripheral  to  it  in  the  same  direction  is 
mostly  also  abolished.    The  blind  portion  of  .the  field  of  vision 
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is  bordered  by  an  amblyopic  area  in  which  colour  vision  is  either 
absent  or  defective,  but  there  is  not  the  same  recession  of  the 
bovindaries  for  colour  vision  as  is  met  with  in  atrophy  of  the 
optic  nerve.  The  limit  at  which  the  different  colours  are  re- 
cognisable is  usually  much  the  same  for  all,  and  only  slightly 
more  retracted  than  the  corresponding  boundary  for  uncoloured 
impressions,  while  even  in  cases  where  the  limitation  is  very 
great  there  still  remains  colour  perception.  It  is  the  rule  for 
this  greater  restriction  to  the  nasal  side  of  the  field  to  i^rogress 
and  eventually  involve  the  centre  before  complete  blindness  sets 
in,  so  that  at  an  advanced  state  of  the  disease  only  an  eccentric 


Fig.  99. — Typical  defect  of  field  of  vision,  from  a  case  of  glaucoma. 

portion  of  the  temporal  side  remains.  The  preponderance  of 
the  nasal  invasion  of  the  field  appears  to  be  more  common  in 
chronic  than  in  acute  cases  of  glaucoma.  The  manner  of  re- 
striction next  most  frequently  met  with  is  the  concentric 
restriction,  where  there  is  a  tolerably  proportionate  interference 
with  the  function  of  all  parts  of  the  periphery  of  the  retina.  It 
is  very  rare  indeed  to  find  the  restriction  most  marked  outwards, 
and  still  more  so,  as  some  have  seen,  for  this  portion  to  be  the 
only  one  in  which  the  field  is  diminished.  In  not  a  few  cases 
the  central  vision  is  markedly  diminished  without  any  easily 
demonstrable  defect  in  the  field  while  the  opposite  condition, 
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viz.,  great  restriction  of  the  field  with  good  central  vision,  is 
rare,  if  it  ever  does  occur,  in  pure  glaucoma. 

From  an  examination  of  one  hundred  cases,  in  which  a 
glaucomatous  excavation  of  the  papilla  existed,  Bunge  found  the 
following  forms  of  defect  of  the  field  of  vision  : — Defect  in  nasal 
portion  alone, twenty-seven  cases;  predominating  in  nasal  portion, 
forty-four  cases ;  field  remaining,  assuming  form  of  peripapillary 
oval,  four  cases ;  destruction  of  whole  field,  including  centre, 
with  exception  of  small  temporal  portion,  nine  cases.  A  central 
or  paracentral  scotoma,  with  or  without  slight  restriction  of  nasal 
periphery,  four  cases ;  restriction  only  upwards,  two  cases  ;  con- 
centric restriction,  six  cases ;  preponderance  of  defect  in  the 
temporal  half  of  the  field,  four  cases. 

Bjerrum  has  shown  that  if  the  glaucoma  field  be  taken  for  a  white 
object  3  mm.  in  diameter  at  2  metres  from  the  eye,  and  therefore 
for  an  object  subtending  a  very  small  visual  angle,  there  is  almost 
invariably  to  be  found  a  very  characteristic  form  of  restriction.  The 
shape  of  the  field  is  by  no  means  always  the  same  in  all  cases,  but  the 
defective  area  is  always  found  to  extend  right  up  to  the  blind  spot  in 
one  direction  or  another.  In  other  words,  the  blind  area  correspondmg 
to  the  entrance  of  the  optic  nerve  is  continuous  in  some  direction  with 
the  defect  in  the  field  caused  by  the  glaucoma,  while  in  other  directions 
it  is  found  to  have  its  normal  boundaries. 

In  a  number  of  cases  of  glaucoma  which  I  examined  with  the 
assistance  of  Dr.  Eamage,  with  reference  to  this  point,  we  found 
Bjerrum's  results  fully  confirmed.  Fig.  100  is  a  drawing  of  a  glaucoma 
field  taken  by  Bjerrum's  method.  In  several  cases  where  I  had 
performed  iridectomy  for  glaucoma  in  the  one  eye,  but  in  which  no 
other  evidence  of  glaucoma  was  present  in  the  other  eye,  the  same 
characteristic  restriction  was  found  to  exist. 

Bjerrum's  symptom  may  then  be  looked  upon  as  one  of  the  earliest 
recognisable  changes  in  most  cases  of  glaucoma.  The  pecuHar  form  of 
restriction  described  is  not  met  with  in  any  other  disease. 

A  satisfactory  explanation  of  the  way  in  which  the  blindness  is 
produced  must  account  for  (1.)  the  want  of  constancy  in  the  manner 
m  which  peripheral  vision  is  lost,  and  (2.)  the  tendency  at  the  same 
time  for  the  nasal  portion  to  disappear  before  the  other  equally  peri- 
pheral parts.  The  difference  which  is  met  with  in  respect  to  the 
lunction  of  the  retina  in  acute  and  chronic  cases  respectively,  seems  to 
point  to  an  absence  of  any  likeliliood  of  the  cause  of  the  amblyopia 
being  always  the  same.  Of  the  three  hypotheses  already  mentioned, 
the  one  which  ascribes  the  blindness  to  direct  pressure  on  the  retina 
appears  to  be  the  least  consistent  with  the  clinical  facts.  It  was  sup- 
posed by  Bonders  that  the  reason  why  such  pressure  should  afi'ect  the 
periphery  in  the  first  place,  is  that  the  nerve  fibres  which  supply 
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these  regions  are  the  most  superficial.  On  this  supposition  it  is  diffi- 
cult to  understand  why  the  manner  in  which  the  field  of  vision  is 
invaded  should  not  be  more  regular  than  it  is,  even  taking  it  for 
granted— although  it  has  not  been  proved,  and  appears  most  unlikely 

 that  a  pressure,  exerted  in  the  way  the  fluid  pressure  -nithin  the  eye 

is  exerted,  would  have  the  effect  of  completely  and  permanently  inter- 
f ermg  with  the  function  of  the  more  superficially  coursing  fibres,  while 
that  of  the  deeper  ones  remained  relatively  undisturbed. 

As  to  direct  pressure  on  the  nerve,  IS'ettleship,  Bunge,  and  others 
have  demonstrated  that  the  fibres  which  supply  the  region  of  the 
macula  occupy  the  greater  part  of  the  outer  quadrant  of  the  optic  nerve 
as  it  enters  the  eye.  There  is  much  to  be  said,  too,  in  favour^  of 
Bunge's  views  as  to  the  position  in  the  nerve  of  the  fibres  passing 


EiG.  100. — rield  of  vision  from  a  case  of  glaucoma  in  which  y  =  |^. 
Shaded  area  marks  extent  of  field  by  ordinary  perimeter  test ;  white  area 
field  for  small  object  by  Bjerrum's  method. 

to  other  parts  of  the  retina,  viz.,  that  the  more  centrally  situated  fibres 
supply  the  more  peripheral  portions  of  the  retina.  According  to  his 
scheme,  an  excavation  occupying  more  specially  and  primarily  one 
portion  of  the  disc  might  possibly  explain  the  visual  defects,  both 
central  and  peripheral,  which  are  most  commonly  f  oimd  to_  exist,  if  we 
were  to  assume  at  the  same  time  that  the  fibres  contained  in  the 
excavated  portion  of  the  disc  were  those  Avhose  function  was  most 
interfered  with.     Individual  differences  might  also  be  assumed  to 
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exist  with  respect  to  the  portions  of  the  nerve  which  yield  to  the 
greatest  extent  to  pressure,  and  thus  account  for  differences  in  the 
visual  defects.  The  assumption  of  a  direct  pressure  on  the  fibres  of 
the  optic  nerve,  and  their  degeneration  as  the  lamina  cribrosa  yields  to 
the  increased  fluid  jaressure,  is  open  to  the  same  objection  as  has  just 
been  urged  against  the  hypothesis  of  direct  pressure  on  the  retinal 
nerve  fibres,  viz.,  that  it  does  not  altogether  account  for  the  much 
greater  destruction  of  function  in  some  parts  of  the  retina  than  in 
others,  whose  nerve  supply  in  the  papilla  is  not  very  far  removed  from 
the  first.  Besides,  when  there  is  complete  loss  of  a  portion  of  the 
nasal  periphery  of  the  field,  there  ought  at  the  same  time,  were  the 
pressure  of  the  fibres  ui  the  papilla  the  only  cause  of  this,  to  be  a  blind 
portion  somewhere  near  the  macula,  or  a  paracentral  scotoma.  Such 
a  scotoma  is  rare,  however.  It  was  only  found  four  times  in  the 
himdred  cases  cited  by  Bunge. 

The  interference  in  function  resulting  from  pressure  on  the  retinal 
vessels  is  a  factor  to  which  there  is  little  doubt  some  importance  must 
be  ascribed.  The  pressure  may  be  supposed  to  act  most  effectually  on 
the  smaller  terminal  branches  of  these  vessels,  both  directly  and  by 
compressing  the  larger  trunks  in  the  papilla,  or  it  might  be  as  a 
consequence  of  the  kinking  of  the  vessels  at  the  margin  of  the 
excavated  disc. 

The  more  abnormal  course  of  the  amblyopia,  as  well  as  the  blind- 
ness produced  in  very  acute  cases  before  any  excavation  of  the  papilla 
takes  place,  points  to  some  factor  independent  altogether  of  pressure 
on  the  nerve  elements  at  all  events,  and  connected  in  all  probability 
more  directly  with  the  vascidar  changes  of  which  the  increased  intra- 
ocular tension  is  but  one  of  the  symptoms. 

Bjerrum's  symptom  is  certainly  very  suggestive  of  the  amblyopia 
being  due,  in  the  majority  of  cases,  to  some  change  in  the  nerve  itself. 
It  does  not,  however,  throw  much  light  upon  the  question  as  to 
whether  that  change  is  due  directly  to  pressure  or  not. 

Photopsia,  or  the  subjective  sensation  of  light,  is  not  an 
invariable  symptom,  and  is  besides  a  very  inconstant  one  in  any 
particular  case  of  glaucoma.  It  is  seldom  very  marked,  but  is 
sometimes  present  to  a  painful  extent,  and  often  persists  even 
after  the  disease  has  led  to  complete  blindness.  Even  at  this 
time  it  is  a  variable  symptom,  being  only  experienced  during  the 
attacks  which  give  rise  to  pain  and  increased  tension.  The  cause 
of  these  sensations  is  in  all  probability  some  dragging  of  the  retina 
which  may  be  sufficient  to  give  rise  to  a  sensation  of  light,  even 
at  a  time  when  the  atrophic  process  has  so  far  advanced  as  to 
have  abolished  all  possibility  of  a  response  to  the  normal 
stimulus.  It  is  a  very  common  thing  to  hear  patients  who  are 
absolutely  blind  from  glaucoma  declare  that  they  can  see  light, 
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and  to  find  on  examination  no  cause  for  this  other  than  a 
mechanical  one. 

■  More  or  less  ancestliesia  of  the  cornea  is  met  with  in  almost 
all  cases  of  confirmed  glaucoma.  The  anaesthesia  is  not  as  a 
rule  equally  marked  over  the  whole  extent  of  the  cornea,  but  it 
is  seldom  that  on  careful  exploration  some  point  or  points  of 
diminished  sensibihty  are  not  to  be  found.  The  test  is  best 
made  by  touching  the  cornea  with  a  small  feather  or  camel  hair 
brush.  The  cause  of  this  ancesthesia  was  generally  believed  to 
be  the  pressure  on  the  ciliary  nerve  within  the  eye,  until  Fuchs 
advanced  the  more  probable  explanation  of  an  interference  by 
pressure  or  by  a  separation  of  the  nerve  filaments  in  the  cornea 
as  a  result  of  the  oedema,  which  is  the  anatomical  change  giving 
rise  to  the  haziness  of  the  cornea. 

Fuclis  explains  the  process  wMch  leads  to  anaesthesia  of  the  cornea 
as  follows  : — "  An  increased  amount  of  fluid  finds  its  way  through  the 
nerve  channels  in  Bowman's  membrane,  and  thus  causes  their  disten- 
sion. The  nerve  fibres,  which  are  surrounded  and  infiltrated,  and 
probably  also  pressed  on,  by  this  fluid,  are  paralysed.  At  places 
where  bleb-shaped  elevations  of  epithelium  are  met  Avith  the  fibres  are 
actually  torn  asunder.  When  a  false  membrane  of  coagulated  fluid 
has  been  found  between  the  epithebum  and  Bowman's  membrane  the 
rupture  of  the  nerve  twigs  takes  place  over  almost  the  whole  extent  of 
the  cornea." 

Pain,  varying  in  amount  from  a  disagreeable  sensation  of 
fulness  and  dragging  in  the  eye,  to  the  most  acute  neuralgia 
over  the  whole  region  supplied  by  the  fifth  nerve,  is  a  symptom 
which  always  marks  at  any  rate  the  exacerbations  in  congestive 
glaucoma,  and  which  in  many  cases  is  pretty  constant.  Unfor- 
tunately those  who  suffer  from  glaucoma  do  not,  as  a  rule,  get 
rid  of  the  pain  after  the  glaucoma  has  become  absolute. 

In  very  acute  cases  the  irritation  of  the  fifth  nerve  brings  on 
somewhat  alarming  general  symptoms,  feverishness,  sickness, 
and  vomiting,  which  may  be  so  severe  as  to  detract  attention 
from  the  local  mischief,  if  one  is  not  alive  to  the  connection 
which  may  exist  between  the  local  cause  and  the  general 
symptoms,  and  this  all  the  more  so,  as  even  the  patient  may 
ascribe  more  importance  to  the  latter.  The  pain,  when  moder- 
ate, is  also  due  in  most  instances  to  irritation  of  the  fibres  of  the 
fifth  nerve  supplying  the  eye ;  but  it  is  possible  that  sometimes 
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at  auy  rate  an  irritation  of  the  fifth  nerve  is  the  primary  cause 
of  both  the  glaucoma  and  the  other  symptoms  complained  of. 

The  most  common  form  in  which  glaucoma  presents  itself  is 
as  subacute  attacks,  following  each  other  at  intervals,  the  first 
beginning  as  a  rule  after  some  premonitory  symptoms  have 
previously  been  observed.  After  each  attack  of  this  nature  a 
partial  recovery  of  vision  takes  place,  but  the  ultimate  amount  of 
vision  is  almost  always  less  than  it  was  before,  the  field  more 
restricted,  and  the  excavation  of  the  papilla  more  marked.  The 
exacerbations  become  eventually  more  frequent  and  permanent, 
and  the  recovery  after  each  attack  is  less  complete,  until 
eventually  the  chronic  congestive  type  of  the  disease  is  fully 
developed,  and  presents  all  or  most  of  the  objective  and 
subjective  symptoms  already  described.  Even  after  a  long 
continuance  of  the  simple  form  of  the  disease,  it  is  possible  for 
acute  symptoms  to  develojD  all  at  once.  As  a  rule,  however, 
cases  of  glaucoma  simplex  retain  their  character  to  the  end. 
Probably  many  years  may  pass  before  the  excavation  of  the 
nerve  becomes  complete;  but  when  the  case  is  first  seen, 
there  is  generally  marked  cupping,  although  there  may  be  no 
external  evidence  of  any  impeded  circulation. 

In  a  severe  acute,  so-called  inflammatory,  attack  the  circula- 
tory disturbance  leads  not  only  to  rapid  and  extreme  increase 
of  intraocular  tension,  but  also  to  exudations  into  the  external 
tissues  of  the  eye,  giving  rise  to  chemosis,  and  even  redness  and 
swelling  of  the  lids.  The  corneal  opacity,  too,  is  very  great,  the 
pupil  dilated  and  absolutely  immobile,  while  the  severity  of  the 
attack  is  evidenced  by  the  photophobia,  lachrymation,  pain 
vomiting,  and  general  disturbance  to  which  it  gives  rise.  The 
vision,  too,  is  either  rapidly  altogether  lost  or  very  much 
impaired.  A  subacute  attack,  on  the  other  hand,  is  characterised 
by  a  less  sudden  deterioration  as  well  as  by  a  greater  subsequent 
improvement  of  vision. 

Acute  or  subacute  attacks  of  glaucoma  come  on  in  eyes  pre- 
disposed to  the  disease  after  the  occurrence  of  anything  which 
may  be  supposed  to  lead  to  a  venous  stasis  in  the  uveal  tract, 
either  directly  or  owing  to  diminished  arterial  tension.  Fits  of 
mental  depression  and  sleeplessness  are  thus  likely  to  be  followed 
by  glaucoma,  and  this  is  also  the  case  where  there  is  a  weakness 
of  the  heart's  action,  as  during  convalescence  from  illness.  In 
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short,  any  debilitating  condition  may  be  followed  by  glaucoma. 
Under  such  circimistances  the  pixpil  is  apt  to  become  dilated. 
This  condition  is  of  itself  lilcely  to  favour  the  outbreak  of 
glaucoma  when  the  predisposition  exists.  Thus  one  sees  every 
now  and  then  an  attack  follow  the  use  of  atropine.  Even 
homatropine  and  cocaine  have  been  observed  to  produce  the 
same  effect.  On  the  other  hand,  a  natural  or  induced  contrac- 
tion of  the  pupil  when  this  can  take  place  often  cuts  short  an 
attack.  This  is  no  doubt  one  reason  why  sleep  is  found  to  be  so 
beneficial  in  the  early  stage  of  the  disease.  As  to  the  jjredisposi- 
tion,  it  is  seldom,  unless  premonitory  symptoms  have  been  com- 
plained of,  that  one  can  be  alive  to  its  existence.  The  only 
circumstance  which  would  raise  a  suspicion  in  this  respect 
would  be  the  discovery  of  a  greater  degree  of  presbyopia  than 
corresponded  to  the  patient's  age. 

Diagnosis. — It  is  by  no  means  always  easy  to  diagnose 
glaucoma,  owing  to  the  variety  of  symptoms  which  in  different 
cases  are  most  prominent,  and  the  absence  often  at  the  time  of 
examination  of  one  or  more  of  the  most  important  of  these 
symptoms.  It  is  unquestionably,  however,  the  duty  of  every 
medical  man  in  general  practice  to  acquire  such  a  knowledge  of 
the  clinical  aspects  of  glaucoma,  that  he  may  be  in  a  position  to 
suspect,  even  if  he  may  not  be  able  to  diagnose,  its  existence. 
The  diagnosis  is  most  difficult  in  the  case  of  the  simple  form  of 
the  disease,  and  here  sometimes  the  difficulty  is  very  great.  In 
all  cases  the  form  of  excavation  of  the  papilla,  the  presence  of 
arterial  pulsation,  more  or  less  irregularity  of  the  pupil,  fulness 
of  the  episcleral  veins,  ant-esthesia  of  the  cornea,  and  the  condition 
of  the  colour  and  light  senses,  are  the  points  to  which  attention 
must  be  given,  or  which  must  be  looked  for.  It  must  be 
remembered  that  an  evident  increase  of  tension  may  be  absent 
at  the  time  of  examination. 

It  is  with  some  forms  of  atrophy  of  the  optic  nerve  that  one 
is  apt  to  confound  glaucoma  simplex,  and  further,  there  is  often 
great  difficulty,  where  the  glaucoma  exists  along  with  myopia 
from  choroidal  disease,  in  satisfying  one's-self  as  to  its  presence. 
When  the  data  afforded  by  the  objective  appearances  are  not 
sufficient  to  justify  a  diagnosis,  and  when  no  very  characteristic 
restriction  of  the  field  of  vision  exists,  some  help  may  be 
obtained  by  an  examination  into  the  state  of  the  light  sense, 
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aud  the  peripheral  colour  sense.  In  cases  of  pure  atrophy,  i.e., 
such  in  which  the  nerve  elements  of  the  retina  are  primarily 
involved  in  the  process  which  gives  rise  to  the  amblyopia,  it  is 
found  that  while  very  little  more  amblyopia  is  caused  by  reduc- 
ing the  illumination,  and  the  minimum  perceptible  amount  of 
light  is  not  markedly  less  than  normal,  a  very  distinct  defect 
exists  in  the  abihty  to  distinguish  between  different  intensities 
of  illumination.  On  the  other  hand,  the  choroido-retinal  affec- 
tions exhibit  exactly  the  opposite  conditions  with  respect  to 
these  two  elements  of  the  light  sense,  viz.,  more  or  less  marked 
night  blindness,  with  relatively  good  power  of  distinguishing 
between  different  intensities  of  illumination.  In  glaucoma  the 
defects  in  the  light  sense  occupy  an  intermediate  position — a 
fact  which  is  not  without  importance  in  connection  with  the 
views  as  to  the  etiology  of  the  disease,  and  which  at  the  same 
time  is  of  some  diagnostic  importance,  although  the  practical 
value  in  this  respect  is  hardly  as  great  as  has  been  supposed, 
owing  to  there  being  considerable  differences  in  different  cases 
in  the  nature  of  the  defects  of  the  light  sense.  Peripheral  colour 
vision  is  not,  as  we  have  seen,  so  markedly  defective  in  glaucoma 
as  in  atrophy,  and  the  functional  activity  of  the  retina  in  this 
respect  should  consequently  be  determined  in  all  doubtful  cases. 

Secondaky  Glaucoma. — Much  the  same  set  of  symptoms, 
and  occurring  with  different  degrees  of  severity,  are  met  with  in 
eyes  which  are  the  site  of  other  affections,  either  inflammatory 
or  traumatic.  There  is  then  said  to  be  secondary  glaucoma,  as 
the  glaucomatovis  symptoms  have  not  originated  of  themselves, 
but  have  followed  upon  some  change  which  of  itself  is  recog- 
nised as  pathological.  When  the  condition  of  secondary 
glaucoma  is  set  up,  the  risk  which  the  eye  runs  is  the  same  as 
when  the  disease  is  primary,  with  this  important  difference, 
however,  that  the  cause  of  the  circulatory  disturbance  being 
apparent,  of  a  more  or  less  distinctly  mechanical  nature,  and,  as 
it  were,  less  intimately  associated  with  the  symptoms  to  which 
it  gives  rise,  there  is,  when  it  can  be  removed,  considerably 
more  chance  of  averting  the  consequences  of  the  glaucomatous 
attack  than  is  given  by  interference  in  the  case  of  primary 
glaucoma.  Thus  glaucoma,  along  with  iritis  or  traumatic 
cataract,  can  generally  be  arrested  by  operation.  This  is  not 
the  case,  however,  when  the  cause  is  a  dislocated  lens,  or  a  dense 
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leucoma  adherens,  leading  to  staphyloma,  as  the  symptoms  can  in 
such  cases  seldom  be  removed  by  the  performance  of  iridectomy. 

One  form  of  glaucoma,  generally  considered  as  belonging  to 
the  secondary  category,  though  more  correctly  speaking  primary, 
deserves  special  attention,  viz.,  what  is  called  hcemorrhagic 
glaucoma.  In  this  disease  glaucomatous  symptoms  of  varying 
intensity  supervene,  generally  after  the  lapse  of  some  weeks, 
upon  an  attack  of  apoplexy  of  the  retina.  The  pain  is  usually 
very  great  in  such  cases,  and  the  condition  may  occur  in  one  or 
both  eyes,  though  fortunately  more  frequently  in  one  alone. 
There  is  often  a  history  of  sudden  blindness  coming  on  before 
the  attack  of  the  glaucoma.  The  iris  may  present  the  appear- 
ance of  haemorrhagic  infiltration,  or  there  may  be  blood  in  the 
anterior  chamber.  The  chamber  itself  is  never  shallowed  in  the 
manner  so  characteristic  of  other  forms  of  primary  glaucoma. 
The  individuals  in  whom  hjemorrhagic  glaucoma  occurs  are 
almost  always  advanced  in  life,  and  the  subjects  of  atheroma- 
tous degeneration  of  vessels.  They  not  infrequently  die  of 
cerebral  apoplexy. 

A  pretty  distinct  group  of  cases  complicated  by  increased 
intraocular  tension  and  other  symptoms  of  a  glaucomatous 
state,  are  those  in  which  for  some  cause  or  other  there  is  an 
abnormal  degree  of  exudation  passing  from  the  iris  or  ciliary 
processes,  as  in  serous  iritis  and  where  anterior  synecliiifi  give 
rise  to  a  distinct  dragging  on  the  iris,  as  may  be  the  case  in 
pretty  extensive  adhesions  to  linear  scars,  or  to  staphylomatous 
cicatricial  tissue  in  the  cornea.  Other  forms  of  iritis  may 
become  complicated  by  secondary  glaucoma  probably  from 
another  cause,  viz.,  an  interference  with  the  escape  of  the 
aqueous  fluid  from  the  posterior  into  the  anterior  aqueous 
chamber  which  results  from  the  existence  of  total  posterior 
synechia ;  and  when  secondary  glaucoma,  owing  to  this  condi- 
tion, is  present,  one  sees  a  more  or  less  marked  bulging  forward 
of  the  iris. 

Traumatic  cataract,  whether  produced  accidentally  or  by 
operation,  is  not  infrequently  followed  by  increased  tension. 
Two  conditions  appear  to  give  rise  to  tliis,  viz.— the  swelling  of 
the  lens  substance  within  its  capsule  and  the  filling  of  the 
anterior  chamber  with  the  broken-up  portions  of  the  lens.  The 
latter  is  more  likely  to  cause  this  complication  the  greater  the 
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mass  of  lens  matter  occupying  the  anterior  chamber,  and  the  older 
the  individual  in  whom  the  trauma  has  occurred.  No  doubt, 
too,  some  cataracts,  both  trau.matic  and  congenital,  contain 
substances  which  are  more  liable  to  set  up  irritation  and  induce 
tension  than  others. 

Dislocation  of  the  lens  is  another  cause  of  secondary  glaucoma. 
Intraocular  tumours  almost  invariably,  when  they  have  attained  any 
size,  give  rise  to  glaucomatous  symptoms,  which  are  sometimes  so 
severe  as  to  render  the  diagnosis  of  the  primary  disease  very  difficult 
owing  to  the  haziness  of  the  dioptric  media.  The  more  rapidly  grow- 
uig  tumours  are  more  likely  to  be  complicated  by  secondary  glaucoma 
than  those  which  increase  slowly  and  permit  of  the  eye  accommodat- 
ing itself  to  the  altered  conditions,  or  of  undergoing  gradual  degenera- 
tive changes. 

Whilst  primary  glaucoma  is  almost  exclusively  a  disease 
occurring  late  in  life,  secondary  glaucoma  is  met  with  at  all  ages, 
although  undoubtedly  more  is  required  to  set  it  up  in  young 
eyes  than  in  old.  The  vision,  too,  does  not  appear  to  be  so 
rapidly  or  permanently  interfered  with  by  the  increased  tension 
in  young  eyes. 

Two  important  forms  of  complicated  glaucoma  occur — (1.) 
cataract  with  glaucoma;  (2.)  high  myopia  with  glaucoma.  Both 
conditions  are  fortunately  rare.  With  regard  to  the  first,  it 
appears  almost  as  if  the  senile  changes  which  brought  about 
cataract  created  an  immunity  against  glaucoma.  But  exceptions 
do  occur,  and  it  is  important  to  diagnose  the  existence  of  the 
glaucoma,  as  special  care  is  required  in  the  treatment. 

Most  frequently  it  would  appear  that  such  a  complication 
is  confined  to  one  eye ;  at  least  it  is  not  such  an  uncommon 
thing  to  meet  with  senile  cataract  at  the  same  time  in  both  eyes, 
and  glaucoma  in  the  one  alone.  It  is  possible  that  such  cases  come 
as  a  rule  under  observation  much  sooner  after  the  blindness  of 
the  second  eye,  and  the  operation  for  removing  the  cataract  has 
a  prophylactic  action  on  the  glaucoma,  to  which  there  may  have 
been  a  tendency. 

Sometimes  one  meets  with  glaucoma  after  extraction,  i.e.,  in 
an  aphakic  eye.  Possibly  in  such  cases  the  conditions  likely 
to  be  followed  by  an  outbreak  of  glaucoma  existed  previous 
to  the  operation;  but  it  is  more  likely  that,  as  a  rule  at  any 
rate,  the  glaucoma  is  secondary,  and  caused  by  the  dragging 
on  the  peripheral  portion  of  the  coloboma  made  in  the  iris. 
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or  on  a  portion  of  the  lens  capsule,  which  is  incorporated 
with  the  cicatrix.  Another  cause  may  be  the  exudation  set 
up  by  the  dragging  on  the  iris  or  ciliary  body  of  the  con- 
tracting elements,  which  make  up  the  more  or  less  opaque 
secondary  cataract,  as  needling  of  this  membrane  is  sometimes 
sufficient  to  check  the  glaucomatous  symptoms.  When  a 
chronic  congestive  glaucoma  has  reached  the  stage  of  degenera- 
tion, the  lens  not  infrequently  becomes  opaque.  Such  cases  are, 
however,  not  to  be  confounded  with  the  group  of  complicated 
glaucomas  just  referred  to. 

Whether  or  not  glaucoma  along  with  senile  cataract  is  to 
be  looked  upon  as  a  secondary  glaucoma,  or  as  an  independent 
coincidence  of  the  two  diseases,  there  can  be  little  doubt  that 
glaucoma  in  a  highly  myopic  eye  is,  properly  speaking,  secondary, 
inasmuch  as  the  choroidal  changes  which  lead  to  the  elongation 
of  the  globe  probably  interfere  at  the  same  time  with  the 
circulation  in  that  membrane,  and  lead  to  a  glaucomatous  com- 
plication. From  a  clinical  point  of  view,  it  is  better  to  look 
upon  the  form  as  a  complicated  glaucoma.  The  tension  is  rarely 
very  high,  though  above  normal ;  the  field  of  ^dsion  becomes 
restricted  in  a  manner  more  or  less  characteristic  of  glaucoma, 
and  the  papilla  is  excavated.  It  is  the  excavation  of  the  papilla, 
as  well  as  sometimes  the  unusual  amount  of  pain  complained  of, 
which  should  lead  one  to  suspect  this  complication.  The  excava- 
tion is  never  so  deep  as  in  other  forms  of  glaucoma,  but  it  is 
unmistakable  whenever  it  is  seen  to  reach  out  to  the  margin 
of  the  papilla.  In  these  cases  there  is  always  a  very  marked 
and  often  excessive  degree  of  choroidal  atrophy  surrounding  the 
papilla,  and  it  is  generally  supposed  to  be  owing  to  the  compara- 
tive want  of  resistance  in  the  surrounding  parts  that  the  yield- 
inc  of  the  lamina  cribrosa  does  not  assert  itself  to  the  same 
extent  as  would  otherwise  be  the  case. 

Prognosis. — The  prognosis  in  glaucoma,  in  whatever  form 
the  disease  may  present  itself,  is  always  bad  whenever  the 
glaucoma  is  confirmed,  i.e.,  when  it  has  begun  to  produce  an 
impairment  of  vision.  The  premonitory  stage  may  exist  for  a 
long  time,  and  may  even  never  lead  to  confirmed  glaucoma.  It 
is  rare,  if  indeed  it  ever  happens,  that  the  disease  becomes  spon- 
taneously arrested,  so  that,  for  practical  purposes,  we  must  con- 
sider that  glaucoma  left  to  take  its  own  course  invariably  leads 
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to  total  destruction  of  vision.  The  time  taken  to  this  work  of 
destruction  varies  within  enormously  wide  limits, — from  a  few 
minutes  to  many  years. 

When  an  operation  is  performed,  the  prognosis  may  be  said 
to  depend  on  the  stage  of  the  disease  at  which  it  is  under- 
taken, on  the  nature  of  the  operation,  on  the  manner  in 
which  the  operation  has  been  performed,  and  the  way  in 
which  healing  has  taken  place.  Not  a  little  depends,  too, 
on  the  form  of  disease  treated,  and  the  presence  or  absence 
of  complications. 

The  treatment  of  glaucoma  should  differ  according  to  the 
stage  of  the  disease.  Where  only  occasional  premonitory 
symptoms  are  present,  and  vision  is  therefore  good  during  the 
intervals,  there  may  be  a  reluctance  on  the  part  of  the  patient 
to  undergo  an  operation.  The  local  application  of  eserine  may 
then  be  adopted.  A  half  per  cent,  solution  dropped  into  the 
conjunctival  sac  speedily  cuts  short  these  attacks.  At  the  same 
time  attention  should  be  directed  to  the  general  health,  and  if 
the  heart's  action  be  weak,  iron  and  digitalis  prescribed.  A 
properly  performed  iridectomy  at  this  stage  not  only  checks  the 
premonitory  attacks,  but  almost  certainly  prevents  the  progress 
of  the  disease  altogether.  There  shoidd,  therefore,  be  no  hesita- 
tion in  proposing  an  iridectomy  even  at  the  early  stage,  and  all 
the  more  urgently  if  the  symptoms  frequently  make  their 
appearance,  as  it  is  impossible  to  say  how  much  damage  may 
be  done,  and  done  irretrievably,  as  soon  as  the  disease  becomes 
confirmed.  Unquestionably,  however,  as  soon  as  the  glaucoma 
has  begun  to  interfere  permanently  with  the  function  of  the  eye 
an  iridectomy  should  be  performed.  The  method  of  performing 
this  operation,  and  the  special  precautions  to  be  taken  in  the  case 
of  glaucoma,  are  given  in  Chapter  XVIII.  Iridectomy  is  the 
only  cure  for  glaucoma,  and  is  the  more  likely  to  be  successful 
the  more  the  iris  tissue  has  retained  its  normal  character. 
When  atrophic  changes  have  begun,  much  depends  upon  their 
extent,  whether  removal  of  a  portion  of  iris  will  be  sufficient  or 
not  to  permanently  arrest  the  glaucoma.  It  may  be  taken  as 
a  rule  that  the  further  advanced  the  process,  the  larger  should 
be  the  portion  of  iris  removed.  In  all  cases  the  iris  should 
be  cut  as  peripherally  as  possible,  but  should  not  be  detached 
from  its  ciliary  attachment.    Great  care  should  be  taken  to  pre- 
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vent  any  portion  of  the  iris  becoming  entangled  in  the  wound. 
This,  which  is  called  encleisis  of  the  iris,  is  very  apt  to  interfere 
with  the  effect  of  the  operation,  as  the  iris  is  not  only  dragged 
upon,  but  prevents  the  firm  close  healing  of  the  external  wound 
which  should  be  aimed  at. 

The  first  effect  of  an  iridectomy  for  glaucoma  is  generally  to 
reduce  the  tension  of  the  eye.  "Where  it  does  not  do  so,  the 
prognosis  is  mostly,  though  by  no  means  always,  unfavourable. 
The  reduction  of  the  tension  very  soon  relieves  the  pain  which 
may  have  existed.  In  aciite  cases,  where  the  cornea  has  been 
very  hazy,  the  rapid  disappearance  of  the  oedema,  to  which  the 
haziness  is  due  admits  of  considerable  improvement  of  vision, 
though  this  may  be  marred  by  blood  effused  from  the  cut  surface 
of  the  iris.  Bleeding  from  the  iris  is  not  uncommon,  and  may  take 
place  at  the  time  of  the  operation,  or  several  days  afterwards. 

In  acute  cases  there  maybe  added  to  the  improvement  of  vision, 
due  to  the  clearing  of  the  cornea,  a  further  improvement  which 
results  from  the  circulation  in  the  uveal  tract  assuming  a  more 
normal  character.  Two  or  three  weeks,  or  even  longer,  generally 
elapse  before  the  restoration  of  vision  has  reached  the  full  amount 
possible.  In  subacute  and  chronic  cases  the  same  amount  of 
improvement  of  vision  is  not  to  be  expected,  and  the  operation 
will  have  served  its  purpose  if  the  vision  existing  at  the  time  of 
its  performance  is  retained.  Often,  indeed,  in  the  case  of  simple 
glaucoma,  iridectomy,  although  arresting  the  progress  of  the 
disease,  leads  immediately  to  some  deterioration  of  vision,  and 
this  is  more  especially  evident  in  the  peripheral  ^dsion,  the  field 
of  vision  being  not  infrequently  found  to  be  narrower  after  than 
immediately  before  operation.  It  is  well  to  remember  this,  as  it 
sometimes  happens  that  in  cases  where  the  nasal  portion  of  the 
field  is  restricted  to  nearly  the  point  of  fixation,  that  point 
becomes  itself  included  in  the  blinded  area  by  the  slight  increase 
in  the  restriction  following  the  operation,  and  the  vision  thereby 
rendered  all  at  once  very  much  worse.  In  more  acute  cases  of 
glaucoma,  the  previous  use  of  a  myotic  not  only  facilitates  the 
performance  of  the  iridectomy,  but  renders  the  accidents  which 
may  occur  on  the  sudden  reduction  of  the  tension  less  liable. 
It  is  well,  too,  in  operating  for  acute  glaucoma  in  one  eye,  when 
the  other  has  so  far  exhibited  no  signs  of  the  disease,  to  follow 
the  advice  given  by  Arlt,  and  keep  the  sound  one  under  the 
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influence  of  a  myotic,  as  the  mental  anxiety  of  having  to  submit 
to  an  operation  has  not  infrequently  been  observed  to  induce  an 
attack  of  glaucoma  in  the  hitherto  sound  one.  Arlt  did  not 
meet  with  this  unfortunate  complication  after  adopting  the 
treatment  of  using  eserine  for  the  sound  eye. 

Where  glaucoma  exists  along  with  cataract,  it  is  compara- 
tively seldom  that  it  is  of  any  use  to  extract  the  lens,  as  vision 
has  generally  been  already  lost.  Where,  however,  an  extraction 
is  indicated,  it  is  probably  best  to  perform  iridectomy  some 
weeks  previously.  In  the  true  hemorrhagic  glaucoma,  iridectomy 
almost  certainly  leads  to  further  htemorrhage  and  rapid  destruc- 
tion of  vision.  In  such  cases,  therefore,  the  operation  is  on  the 
whole  contra-indicated. 

In  some  of  the  cases  of  simple  glaucoma  in  which  the  tension 
is  not  diminished  immediately  after  the  operation,  but  the  eye 
remains  stone  hard,  a  rapid  loss  of  sight  takes  place.  To  these 
cases  the  name  of  malignant  glaucoma  has  been  given.  Some- 
times the  cause  of  this  is  a  subretinal  hsemorrhage.  Usually, 
however,  there  is  a  forward  displacement  of  the  lens  leading  to 
a  blocking  of  the  channels  for  the  escape  of  fluids  at  the  angle 
of  the  anterior  chamber.  In  these  cases  the  proper  treatment 
is  to  extract  the  lens. 

Even  when  iridectomy  fails  to  arrest  the  progress  of  the 
blindness,  it  generally  protects  the  eye  against  the  occurrence 
or  recurrence  of  a  congestive  attack  of  glaucoma.  Iridectomy 
is  not  only  capable  of  reducing  tension,  but  of  regulating  it  to 
a  certain  extent,  so  that,  when  performed  for  cases  of  chronic 
irido-cyclitis,  in  which  diminution  of  tension  has  taken  place, 
it  often  leads  to  a  more  normal  tension ;  therefore  instead  of 
reducing,  it  actually  increases  the  hardness  of  the  eye.  What- 
ever be  the  nature,  then,  of  the  curative  action  of  iridectomy  in 
glaucoma,  it  is  certain  that  it  does  more  than  merely  reduce 
tension.  In  some  way  or  other  it  also  induces  a  more  normal 
condition  of  the  circulation  in  the  uveal  tract.  The  manner  in 
which  this  is  supposed  to  be  effected  is  discussed  under  the 
etiology  of  glaucoma. 

Iridectomy  as  a  cure  for  glaucoma  Avas  introduced  by  von  Graefe 
in  1857.  He  was  led  to  the  discovery  purely  empirically,  but  at  the 
same  time  as  the  result  of  great  clinical  experience  and  extraordinary 
insight,  and  thus  conferred  one  of  the  greatest  blessings  on  humanity^. 
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and  made  the  greatest  advance  in  oplithalmic  surgery  of  modern  times. 
Attempts  have  been  made  lately  to  detract  from  the  merits  of  von 
Graefe  in  this  connection.  The  injustice  of  such  attempts  Avill  be 
apparent  to  any  who  has  read  the  literature  of  the  subject  of  that  time, 
and  especially  the  writings  of  von  Graefe  himself  in  the  years  1855, 
1856,  and  1857. 

The  statistics  of  Horner  (as  given  by  Sulzer)  from  1861  to 
1881  are  as  follows : — They  are  based  upon  103  iridectomies  for 
simple  glaucoma,  and  149  for  inflammatory  glaucoma. 

Infl.  Glaucoma.  Simple  Glaucoma. 
Improved,       .       .        72"5  per  cent.  22-3  per  cent. 
As  before  operation,         11 '5      ,,  37'0 
Partly  retamed,       .        10-0      „  23-0 
Not  improved,  and  ulti- 
mately lost,  .       .         6'0      ,,  17-7  „ 

On  the  supposition  that  iridectomy  merely  acts  as  a  reducer  of  tension, 
and  thus  cures  glaucoma,  another  operation  has  of  late  years  been 
substituted  for  it,  viz.,  sclerotomy.  The  different  methods  of  perfoi-m- 
ing  this  operation  are  described  in  Chapter  XVllI.  There  is  not  the 
shghtest  doubt  that  the  efficacy  of  sclerotomy  is  greatly  less  than  that 
of  uidectomy.  In  most  cases  it  is  of  no  use  at  aU,  but  it  does  appear 
to  be  occasionally  capable  of  arresting  the  disease. 

There  are  some  cases  in  which  sclerotomy  may  with  advantage 
take  the  place  of  iridectomy.  Cases  of  hasmorrhagic  glaucoma,  for 
instance,  seem  to  be  less  liable  to  go  wrong  if  treated  by  sclerotomy 
instead  of  iridectomy;  and  in  all  cases  where  iridectomy  has  been 
followed  by  bad  results  in  the  first  eye,  which  cannot  be  ascribed  to 
any  fault  in  the  operation,  it  is  well  to  resort  to  sclerotomy  ia  the 
second.  It  is  a  question,  too,  whether,  in  the  worst  of  such  cases  at  least, 
sclerotomy  is  not  the  more  preferable  operation  in  myopia  complicated 
with  glaucoma,  in  which  the  prognosis  is  in  any  case  rather  hopeless. 

Other  operative  measures  ia  use  for  the  treatment  of  glaucoma 
are  :— Paracentesis  of  the  anterior  chamber ;  division  of  the  cUiary 
muscle,  or  cyclotomy;  and  trephining  of  the  sclera.  Paracentesis 
sometimes  reduces  the  tension,  and  is  resorted  to  as  a  prepai-a- 
tion  for  iridectomy;  and  in  cases  where  the  cornea  is  hazy  it  is 
followed  by  a  certain  amount  of  improvement  of  vision.  By  some  it 
is  pretty  extensively  used,  not  only  as  a  prehmmary  operation,  but  as 
a  means  of  promoting  the  efficiency  of  iridectomy  by  keeping  down, 
as  they  believe,  any  tendency  to  mcreased  tension  during  the  time  the 
healing  is  taking  place.  Cyclotomy  is  rarely  practised.  It  is  capable 
■of  reducing  tension,  but  is  by  no  means  a  safe  operation.  The  opera- 
tion of  trephining  the  sclera  has  been  advocated  by  Argyll  Robertson 
as  a  last  resource  ui  cases  in  which  iridectomy  fails  to  reduce  tension 
at  all.  Notwithstanding  the  risky  nature  of  the  operation  the  results 
have  been  encouraging  in  suitable  cases. 
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Etiology  of  Glaucojia. — Altliougli  the  different  forms  of  glaucoma 
are  grouped  together  as  one  disease,  it  seems  hardly  probable  that  the 
main  symptoms  which  they  present  in  common,  viz.,  increased  intra- 
ocular tension  and  a  more  or  less  gradual  deterioration  in  the  functions 
of  the  retina,  are  in  all  cases  the  expression  of  one  and  the  same 
pathological  process. 

The  glaucomatous  eye  retains  the  increased  hardness  which  it  may 
have  had  for  some  time  after  excision,  so  that  there  cannot  be  any 
doubt  that  the  increased  tension  is  the  result  of  an  actual  abnormal 
fluid  over  distension  of  its  coats.  This  being  the  case,  the  question 
for  solution  is — Is  the  increased  distension  due  to  increased  exudation 
of  fluid  into  the  eye,  or  to  an  impeded  outflow  of  a  normal  amount  of 
exudation,  or  to  both,  or  in  some  cases  to  one  or  other  alone  ?  A 
satisfactory  answer  to  this  question  must  also  account  for  the  relative 
rarity  of  the  disease  in  individuals  under  a  certain  age. 

One  of  the  great  difficulties  experienced  in  connection  with  the 
pathological  anatomy  of  glaucoma  is  to  determine  what  changes  are 
primary  and  what  secondary,  as  the  great  mass  of  material  which  can 
be  utilised  in  this  way  consists  of  eyes  enucleated  in  a  late  stage  of 
the  disease,  when  more  or  less  atrophic  changes  have  taken  place. 
And  when  one  takes  into  consideration  the  long-continued  existence 
of  vascular  changes  in  the  eye,  it  is  not  strange  that  all  parts  of  it 
should  have  been  found  to  exhibit  pathological  appearances,  to  some 
one  or  other  of  which  primary  importance  has  been  attached  by 
difi'erent  investigators.  Knies,  for  instance,  foimd,  as  had  long  before 
been  found  by  H.  Mliller  (who,  however,  did  not  attach  any  import- 
ance to  it),  that  an  obliteration  of  the  space  of  Fontana,  at  the  angle 
of  the  anterior  chamber,  was  constantly  present  in  all  cases  of  glaucoma 
which  he  examined.  He  found  the  whole  surrounding  of  Schlemm's 
canal  infiltrated  with  cells  in  fresh  cases,  whereas  in  old  ones  a  cicatri- 
cial contraction  of  this  inflammatory  exudation  had  taken  place  con- 
centrically towards  that  channel  for  the  escape  of  fluid  from  the 
chamber.  It  was  noticed,  further,  that  whilst  in  chronic  cases  the 
inflammatory  changes  were  limited  to  this  area,  in  acute  cases  the 
ciliary  body,  iris,  and  subconjimctival  tissue  participated  in  them. 
According  to  Knies,  it  is  not  extraordinary  that  a  situation  so  func- 
tionally active  as  the  space  of  Fontana  should  be  subject  to  an  inde- 
pendent inflammation,  and  further,  he  holds  that  its  obliteration  must 
necessarily  lead  to  an  increase  in  the  intraocular  tension.  On  the 
assumption  that  such  changes  are  the  cause  of  glaucoma,  he  believes 
he  can  explain  in  this  way  the  opacity  and  anaesthesia  of  the  cornea, 
the  irido-plegia,  apparent  shallowing  of  the  anterior  chamber,  the 
paresis  of  accommodation,  and  the  enlargement  of  the  episcleral  veins, 
which  characterise  the  glaucomatous  state.  He  even  goes  so  far  as  to 
assert  that  the  constancy  of  the  last  symptom,  compared  with  the 
inconstancy  of  the  others  in  diflerent  cases,  is  a  point  of  the  utmost 
importance  in  support  of  his  views  on  the  nature  of  glaucoma.  While 
he  admits  that  it  is  open  to  discussion  whether  or  not  the  primary 
mflammation  of  the  vicinity  of  Schlemm's  canal  is  to  be  looked  upon 
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as  the  sole  cause  of  glaucoma,  he  maintains  that  it  is  of  fundamental 
importance  in  the  production  of  many  of  the  symptoms,  and  must  be 
looked  upon  as  the  most  important  pathological  change  after  the 
excavation  of  the  optic  nerve. 

This  certainly  very  significant  discovery  was  not  long  in  being 
shown  to  be  inapplicable  as  an  explanation  for  all  cases  of  glaucoma. 
Both  Brailey  and  Pagenstecher,  for  instance,  found  that  there  were 
cases  of  glaucoma  in  which  no  obliteration  of  the  space  of  Fontana 
exists.  Other  conditions  than  glaucoma  have  been  found,  too,  to  be 
associated  with  obliteration  in  this  situation.  The  natural  inference  is 
of  course  that  the  appearances  described  by  Knies,  when  they  do  exist, 
are  secondary  appearances,  and  not  the  primary  cause  of  the  glaucoma, 
and  in  fact  it  has  been  pretty  well  shown  that  adhesion  of  the  peri- 
pheral portion  of  the  iris  to  the  cornea  occurs  frequently  where,  for 
some  cause  or  other,  the  two  surfaces  are  brought  into  contact  for  any 
length  of  time.  At  the  same  time,  although  this  condition  is  frequently 
associated  with  glaucomatous  symptoms,  there  is  no  necessary  connec- 
tion between  the  two. 

In  the  belief  that  the  fluids  of  the  eye  mainly  escape  by  the  known 
anterior  lymph  channels,  Priestley  Smith  has  put  forward  an  hypothesis 
to  account  for  increased  tension.  It  is  evident  that  if  there  be  no 
primary  blocking  of  the  space  of  Fontana  and  Schlemm's  canal,  and 
yet  these  channels  afford  the  only  means  of  escape  for  fluids  from  the 
eye,  the  advance  of  the  iris  and  lens  would  only  be  likely  to  take 
place  if  some  impediment  existed  somewhere  to  the  passage  forwards 
of  fluids  from  the  vitreous.  Priestley  Smith  considers  that  such  an 
imiicdiment  is  offered  by  the  more  or  less  complete  obliteration  of  the 
circumlental  space  which  separates  the  margin  of  the  lens  from  the 
cUiary  processes.  A  prolonged  investigation  has  led  him  to  the 
interesting  discovery  that  this  space  gradually  diminishes  in  size  as 
age  advances,  owing  to  the  constant  increase  which  takes  place 
throughout  life  in  the  size  of  the  lens ;  so  that  in  advanced  life  any 
little  swelling  of  the  ciliary  processes  would  obliterate  it  completely. 
According  to  Priestley  Smith,  then,  the  order  of  occurrences  is,  first, 
the  choking  of  the  circumlental  space  by  a  hypereemic  swelling  of  the 
ciliary  processes,  then,  the  channel  of  communication  betAveen  the  two 
chambers  being  obliterated,  fluid  begins  to  accumulate  in  the  vitreous, 
and  the  lens  and  iris,  more  especially  the  latter,  are  pushed  forward, 
the  angle  of  the  anterior  chamber  thus  blocked,  and  a  vicious  circle 
established,  by  which  more  or  less  rapid  increase  of  intraocidar  tension 
is  not  only  produced  but  maintained,  Avith  all  the  accompanying 
symptoms  of  the  glaucomatous  state.  Much  the  same  explanation  has 
also  been  given  by  Weber,  who  claims  to  have  produced  a  condition 
in  rabbits  resembling,  both  clinically  and  anatomically,  glaucoma 
simplex,  by  injecting  oil  into  the  anterior  chamber.  Priestley  Smith, 
therefore,  with  others  who  do  not  admit  the  existence,  as  a  rule  at  all 
events,  of  primary  inflammatory  changes  at  the  angle  of  the  anterior 
chamber,  look  upon  the  blocking  of  this  important  region  of  the  eye  as 
secondary  and  produced  by  compression,  though  they  maintain  that 
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only  when  this  blocking  ttikes  place  are  the  conditions  fuliilled  which 
lead  to  a  rise  in  the  tension  of  the  eye. 

Priestley  Smith's  explanation  accords  better  with  clinical  facts  in 
ascribing  the  primary  cause  to  venous  stasis  in,  and  consequent  swel- 
ling of,  the  ciliary  processes.  The  intermittent  character  of  the 
increased  pressure  in  so  many  cases  is  of  itself  more  suggestive  of 
active  exudation  than  of  accumulation  of  fluids  in  the  eye  due  to 
interference  with  their  escape.  The  question  naturally  arises,  what 
evidence  have  we  of  any  circulatory  disturbance  in  glaucoma  such  as 
would  lead  to  an  increased  secretion  of  intraocular  fluids  ?  It  must  be 
admitted  that  there  is  no  very  conclusive  evidence  from  an  anatomical 
point  of  view.  As  has  already  been  remarked,  however,  changes 
foimd  in  glaucomatous  eyes  can  rarely  with  any  certainty  be  looked 
upon  as  primary,  and  in  some  way  connected  with  the  outbreak  of  the 
symptoms  of  the  glaucoma,  and  not  rather  secondary,  or  resulting  from 
the  prolonged  inflammatory  or  atrophic  changes  met  with  in  the 
disease.  But  if  direct  anatomical  evidence  is  difficult  to  obtain,  there 
are  many  clinical  reasons  for  assuming  that  a  stasis  takes  place  in  the 
cu'culation  within  the  eye.  Thus  the  greater  tendency  to  the  disease 
the  older  the  individual,  its  occurrence  along  with  evidences  of  athero- 
matous degenerations  elsewhere,  and  the  tendency  that  there  is  for  an 
outbreak  to  take  place  after  debilitating  diseases,  mental  depression, 
and  other  circumstances  giving  rise  to  a  slowing  of  the  heart's  action, 
are  all  suggestive  of  this.  So  also  are  the  action  of  iridectomy  and  tlie 
subsequent  atrophic  changes  seen  in  the  iris.  The  fact  that  the  im- 
provenient  following  an  iridectomy  is  only  gradual,  points  to  the  cause 
of  the  improvement  being  the  gradual  return  to  more  normal  condi- 
tions of  circulation,  while  the  oedema  and  the  injection  of  the  external 
vessels  in  the  acute  cases,  and  the  permanent  distension  of  these 
vessels  sometimes  met  with  in  chronic  cases,  although  they  conclusively 
show  that  there  is  an  interference  in  the  intraocular  circulation,  do  not 
of  course  prove  that  such  has  been  the  primary  cause  of  the  symptoms. 

The  great  variations  in  the  severity  of  the  disease,  as  well  as  the 
occurrence  of  an  onset  of  glaucoma  in  some  individuals  from  conditions 
which  in  others  would  have  no  similar  result,  show  that  there  are  two 
elements  in  the  production  of  the  circulatory  changes.  The  one  ele- 
ment is  no  doubt  a  pathological  one  of  some  kind,  and  when  alone 
active  may  account  for  the  cases  of  glaucoma  simplex.  The  other, 
which  can  only  be  of  great  moment  when  occurring  iu  eyes  in  which 
the  first  is  present,  must  be  looked  upon  as  vasomotor ;  at  all  events 
all  the  so-called  exciting  causes  of  the  disease  point  to  this,  while  the 
exact  nature  of  the  temporary  changes  produced  can  only  be  a  matter 
of  conjecture.  In  the  most  violent  attacks  the  second  element,  or  the 
venous  stasis,  may  be  supposed  to  predominate. 

There  are  reasonable  grounds  for  believing,  then,  that  the  external 
appearances  of  the  glaucomatous  condition,  as  well  as  the  increased 
intraocular  tension,  are  due  to  circulatory  changes  in  the  eye,  although 
the  exact  nature  of  such  changes,  or  of  all  the  factors  which  in  everv  case 
give  rise  to  such  changes,  is  not  yet  known.    In  how  far  circulatory 
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changes  are  to  be  held  responsible  for  the  accompanying  visual  disturb- 
ance is  another  question.    It  is  generally  supposed  that  in  some  way  or 
other  the  increased  tension  leads  to  the  destruction  of  vision,  and,_  as  has 
already  been  said,  diiferent  views  are  entertained  as  to  whether  this  is  by 
pressure  on  the  nerve,  on  the  retina,  or  on  the  vessels  from  which  the 
retina  derives  its  nourishment.    Any  of  these  views,  however,  seems 
to  be  insufficient  to  account  for  the  cases  in  which  vision  is  rapidly 
and  permanently  lost,  and  also  for  cases  in  Avliich  well-defined  scoto- 
mata  are  met  with  in  different  parts  of  the  field  of  vision.    For  such 
cases  there  must  be  some  other  explanation,  and  it  appears  not  un- 
likely that,  just  as  with  the  conditions  giving  rise  to  stasis  in  the 
anterior  section  of  the  eye,  we  must  assume  that  there  is  a  permanent 
as  well  as  a  transitory  element  in  the  process  which  leads  to  the  loss 
of  the  functions  of  the  retina.    The  element  which  is  more  or  less 
permanent  may  be  the  pressure  element,  or  the  existence  of  diseased 
conditions  which  cause  the  nerve  to  yield,  as  it  were,  to  pressure. 
Possibly,  indeed,  some  changes  take  place  in  the  retinal  arteries  which 
independently  lead  to  blindness.    Brailey  has,  for  instance,  described 
a  thickening  and  hyaUne  degeneration  of  their  walls  in  glaucoma,  and 
the  fact  that  hajmorrhages  often  take  place  from  the  retmal  vessels 
immediately  after  iridectomy  is  suggestive  in  this  respect.    As  to  the 
more  transitory  element  in  the  loss  of  vision,  Schnabel  makes  the  very 
sufaestive  assumption  that  it  is  due  to  a  spasmodic  contraction  of  the 
retinal  arteries.  As  glaucomatous  attacks  come  on  under  circumstances 
which  render  vasomotor  changes  very  likely,  it  certainly  cannot  be 
said  to  be  altogether  inconsistent  Avith  clinical  experience  to  assume 
such  a  constriction  of  the  arteries  of  the  retina,  as  weU  as  those  of  the 
iris  and  ciUary  body.    It  is  unlikely  that  the  retmal  functions  are 
lost  from  pressure  alone,  as  the  only  way  in  which  this  could  well  be 
possible  would  be  for  the  pressure  to  produce  an  almost  complete 
stoppage  in  the  circulation ;  whUe,  if  this  is  reaUy  what  happens,  it 
cannot  be  a  difi'used  pressure  aU  over  the  retma  which  would  cause 
narrowing  of  both  arteries  and  veins,  but  a  pressure  which  acts  mainly 
on  the  vessels  as  they  enter  the  retma  from  the  nerve,  causing  diminu- 
tion in  the  size  of  the  arteries,  and  more  or  less  engorgement  ot  tiie 
veins  corresponding  to  the  appearance  actually  met  with  m  glaucoma. 
The  possibility  of  interference  in  the  circulation  taking  place  mamly 
in  this  way  would  depend  either  upon  whether  a  certain  deg^-ee  of 
pressm-e  would  be  more  eflectual  m  compressing  the  vessels  m  the 
nerve  than  elsewhere,  or  whether  there  really  existed  a  greater  degree 
of  pressure  in  tHs  particular  direction, -neither  of  which  conditions 
there  are  any  reasons  to  assume  actually  exist.    Although  the  struc- 
tures against  which  the  vessels  would  be  compressed  are  probably  no 
more  resistant  in  the  nerve  than  in  the  retina,  the  same  degree  oi 
pressure  might  cause  greater  interference  with  the  circulation  when 
exerted  on  points  where  sudden  bends  take  place  in  the  vessels,  as 
happens  where  they  pass  into  the  retina. 

One  of  the  great  difficulties,  which  it  cannot  be  said  has  yet 
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received  a  satisfactory  explanation,  is  to  account  for  the  curative 
action  of  iridectomy  in  glaucoma.  The  facts  are  as  follows  : — 
The  operation  is  more  efficient  when  performed  at  a  time  when 
the  iris  tissue  has  not  undergone  any  marked  atrophic  changes. 
It  is  also  more  efficient  if  it  be  followed  by  a  normal  healing 
process — that  is  to  say,  if  the  resulting  cicatrix  is  flat  and  almost 
invisible,  and  does  not  in  any  way  bvilge  or  entangle  iris  tissue 
at  its  corners.  Apparently  also  the  more  peripheral  the  section 
of  the  iris  can  be  made,  the  better  is  the  effect,  though  any 
tearing  of  it  from  its  attachment  to  the  ciliary  body  is  less 
likely  to  lead  to  a  good  result.  Iridectomy,  while  capable  of 
arresting  both  the  acute  and  chronic  forms  of  glaucoma,  is 
generally  supposed  to  be  more  effectual  in  the  former.  This 
may,  however,  possibly  depend  upon  its  being  performed,  as  a 
rule,  in  an  earlier  stage  relatively,  where  the  symptoms  are  acute. 
The  action  of  iridectomy  in  glaucoma  appears  to  be  intimately 
connected  with,  but  not  actually  dependent  upon,  the  influence 
which  it  has  in  permanently  reducing  the  abnormal  degree  of 
intraocular  tension.  Another  curious  point  in  connection  with 
the  operation  is  that  it  appears,  as  von  Graefe  first  pointed  out, 
to  be  capable  of  causing  a  return  to  a  normal  state  of  tension  in 
cases  of  chronic  irido-cyclitis  which  have  led  to  diminished 
tension.  All  that  can  be  said,  then,  is  that  in  some  way  or 
other,  and  by  reason  probably  of  the  changes  which  the  excision 
of  a  portion  of  iris  produce  in  the  circulation  in  the  iris,  the 
operation  of  iridectomy  is  capable  of  effecting  an  improvement 
in  the  conditions  of  circulation  of  the  ciliary  body  and  anterior 
portion  of  the  choroid. 

Glaucoma  derives  its  name  from  a  symptom  which  is  neither  con- 
stant nor  entirely  patliognomonic — viz.,  a  greenish  (yAa-uKos)  reflection 
from  the  transparent  media  of  the  eye.  This  appearance  was  Icnown 
to  Hippocrates,  though  he  does  not  appear  to  have  recognised  it  as 
associated  with  any  distinct  form  of  disease.  Many  of  the  older 
writers  evidently  confounded  glaucoma  with  cataract,  or  at  ail  events 
considered  the  lens  to  be  the  part  of  the  eye  affected.  Brisseau,  in  the 
beginning  of  last  century,  demonstrated-  hy  ijost-murtem  examination 
that  this  was  not  the  case,  and  declared  glaucoma  to  he  due  to  disease 
or  turbidity  of  the  vitreous  humour.  This  view  was  not  generally 
adopted  until  it  was  revived  a  century  later  hy  Beer,  the  weight  of 
whose  authority  brouglit  it  into  promuience.  Beer  also  pointed  out 
the  arthritic  nature  of  the  disease. 

Mackenzie  seems  to  have  been  the  first  to  have  recognised  the 
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importance  with  regard  to  vision  of  the  increased  hardness  of  the 
globe  which  is  met  with  in  glaucoma,  and  to  attempt  systematically 
some  means  of  diminishing  this  intraocular  tension.  The  method 
adopted  by  Mackenzie,  viz.,  paracentesis  of  the  sclera,  did  not  lead  to 
any  encouraging  results,  and  was  consequently  abandoned  by  him. 
This  circumstance  led  him  to  attach  less  unportance  to  the  increased 
tension  than  he  had  at  first  done,  so  that  it  Avas  not  until  after  the  in- 
vention of  the  ophthalmoscope,  and  when  by  its  aid  more  light  was 
thrown  on  the  intraocular  changes  occurring  in  glaucoma,  that 
Mackenzie's  views  were,  so  to  speak,  confirmed  and  extended  by  von 
Graefe,  who  also  discovered  the  means  of  curmg  the  disease.  From  a 
clinical  point  of  view,  we  owe  our  present  knowledge  of  glaucoma  to 
von  Graefe. 


CHAPTEE  XII. 


mXRAOCULAR  TUMOUES. 

Sarcoma  of  the  Choroid  and  Ciliary  Body. — Much  of  our 
present  knowledge  with  reference  to  intraocular  tumours  is  of 
very  recent  date.  It  was  only,  indeed,  after  Virchow  had  shown 
that  a  tumour  is  essentially  characterised  by  its  histological 
structure,  and  not  by  its  greater  or  less  degree  of  pigmentation, 
that  any  useful  light  was  thrown  on  the  subject.  The  combined 
efforts  of  Virchow  and  von  Graefe  very  soon  led  to  order  in  the 
previous  confusion  of  ideas.  In  1868  von  Graefe  added  to  the 
hst  of  his  great  works  such  a  complete  clinical  history  of  intra- 
ocular tumours  that  little  remained  afterwards  to  be  done. 

Sarcoma  of  the  choroid  is  usually  circumscribed,  but  occa- 
sionally occurs  as  a  diffuse  infiltration  of  the  choroid.  Such 
cases  have  been  described  by  Schiess,  Hirschberg,  and  Fuchs. 
The  ordinary  circumscribed  tumour  may  or  may  not  be  distinctly 
pedunculated.  It  detaches  the  retina  in  front  of  itself,  only 
rarely  perforating  it.  Sarcoma  of  the  choroid  may  be  either 
pigmented  or  not.  The  pigmented  cases  are  much  more 
common. 

According  to  the  statistics  collected  by  Fuchs,  about  nine  cases  of 
melano-sarcoma  occur  for  every  one  of  leuco-sarcoma.  This  is  no 
doutt  owing  to  the  presence  of  pigment  in  the  choroid,  as  the  pig- 
mented form  only  occurs  where  pigment  is  physiologically  present.  In 
many  cases  the  pigment  is  not  found  all  over  the  tumour,  and  in 
hardly  any  is  the  degree  of  pigmentation  equal  throughout.  The  his- 
tological arrangement  of  the  pigment  granules  also  varies  considerably 
in  different  cases,  and  these  grannies  may  be  of  different  degrees  of 
fineness.  The  coarser  they  are  the  blacker  do  they  make  the  tumour 
appear.  The  pigment,  although,  as  its  chemical  reactions  show, 
derived  from  the  blood,  is  probably  directly  formed  by  proliferation 
of  the  uveal  pigment.  The  distinction  usually  made  between  melano- 
sarcoma  and  leuco-sarcoma  is  a  somewhat  arbitrary  one,  as  some  really 
pigmented  growths  have  not  a  very  pigmented  appearance,  and  the 
transition  in  colour,  taking  a  whole  series  of  cases,  is  found  to  be  a 
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very  gradual  one.  From  a  histological  point  of  view,  a  sarcoma  is 
melanotic  whenever  it  has  given  rise  to  proliferation  of  the  uveal  pig- 
ment, however  slight  that  proliferation  may  he,  but  when  very  slight 
it  is  impossible  to  recognise  this  clinically. 

Leuco-sarcoma  occurs  mainly  in  the  anterior  portion  of  the 
choroid,  and  is  met  with,  on  the  whole,  at  an  earher  age  than 
the  melanotic  variety.  Eound  and  spindle-celled  sarcomata  are 
the  most  common.  Many  other  varieties  have  been  described, 
which  are,  however,  mainly  interesting  from  a  histological  pomt 
of  view. 

Of  259  cases  of  sarcoma  met  with  by  different  observers,  the 
records  of  which  have  been  collected  by  Fuchs,  sixteen,  or  six 
per  cent.,  occurred  in  the  iris,  twenty-two,  or  nine  per  cent.,  in 
the  ciliary  body,  and  221,  or  eighty-five  per  cent.,  in  the  choroid. 
Of  the  twenty-two  occurring  in  the  cihary  body  twenty  were 
pigmented.  Of  the  choroidal  cases  196  were  pigmented,  and 
twenty-five  unpigmented. 

The  most  common  point  of  origin  for  sarcomata  of  the 
choroid  is  at  or  near  the  posterior  pole  of  the  eye,  a  httle  to  the 
outer  side  of  the  disc.  They  take  their  origin  from  the  layer  of 
big  vessels.  After  the  tumour  has  grown  to  a  certain  size  in 
the  eye,  it  perforates  the  coats  and  extends  outside  of  it.  The 
sclera  is  most  frequently  perforated ;  sometimes  also  the  cornea 
and  the  optic  nerve.  Perforation  through  the  sclera  takes  place 
at  the  corneo-scleral  margin  or  in  the  vicinity  of  the  optic  nerve, 
or  sometimes  at  other  parts  where  it  is  weakened  by  the  passage 
of  vessels  through  it  into  the  eye.  Often,  owing  to  the  resist- 
ance offered  by  the  sclera,  the  band  of  connection  between  the 
intra-  and  extra-ocular  portions  of  the  tumour  is  very  small,  but 
more  and  more  of  the  sclera  is  usually  destroyed  as  the  tumour 
increases  in  size,  which  it  may  do  if  left  alone  until  it  has 
attained  very  considerable  dimensions— as  large  as  the  closed 
fist  or  even  larger.  ^Totwithstanding  such  an  increase  in  size, 
the  bones  of  the  orbit  are  very  rarely  affected,  though  some- 
times an  extension  of  the  tumour  takes  place  along  the  optic 
nerve  to  the  brain. 

The  lymph  glands  in  the  neighbourhood  of  the  eye  are  never 
affected  in  cases  of  uveal  sarcoma,  which  in  this  respect  differs 
from  both  carcinoma  and  glioma.  The  tendency  to  metastasis 
is  however,  very  great,  so  that  in  all  probabihty  it  is  through 
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the  blood  that  the  tumour  elements  are  carried  to  a  distance. 
As  Fuchs  has  shown,  a  great  deal  evidently  depends  upon 
whether  in  the  primary  tumour  the  conditions  are  or  are  not 
present  which  favour  the  separation  and  removal  by  the  blood 
current  of  particles  of  the  growth.  The  more  vascular  the 
tumour  the  thinner  and  larger  its  vessels,  and  the  softer  the 
new  tissue  the  more  likely  is  this  to  happen,  and  therefore  the 
greater  is  the  malignity  of  the  growth. 

When  the  sarcoma  grows  from  the  ciliary  body  it  grows 
forward  into  the  posterior  or  anterior  aqueous  chambers,  as  well 
as  backwards  into  the  vitreous.  It  may  thus  become  visible  on 
simple  inspection  of  the  eye  before  it  attains  any  very  great 
size.  Often  the  extension  to  the  anterior  chamber,  wMch  takes 
place  by  perforation  through  the  peripheral  portion  of  the  iris, 
is  preceded  by  a  bulging  forward  of  the  iris  where  it  covers  the 
tumour.  A  tumour  in  this  situation  occasionally  sets  up  severe 
irido-cyclitis,  by  which  the  diagnosis  may  at  first  be  rendered 
difficult.  Tumours  which  take  their  origin  farther  back  detach 
the  retina  in  front  of  them.  At  first  the  portion  detached  lies 
immediately  over  the  tumour,  and  it  is  often  difficult  from 
ophthalmoscopic  examination  alone  to  tell  whether  the  detach- 
ment is  simple  or  produced  in  this  way.  One  point,  viz.,  the 
absence  of  any  tremulousness  on  the  movement  of  the  eye, 
awakes  suspicion.  The  defect  of  the  field  of  vision  is,  as  a  rule, 
where  a  choroidal  tumour  is  the  cause,  much  more  sharply 
defined,  and  there  may  also  be,  when  the  site  of  the  growth  is 
peripheral,  relatively  better  central  vision  than  is  generally  to 
be  found  in  simple  detachment.  The  tension  of  the  eye  is  also 
an  important  guide  to  the  differential  diagnosis.  It  is  most 
frequently  increased  in  the  case  of  a  tumour ;  most  frequently 
diminished  when  the  detachment  is  idiopathic.  After  the 
tumour  has  existed  for  some  time  and  increased  in  size,  the 
whole  retina  gi'adually  becomes  detached,  and  assumes  the 
funnel  or  convolvulus  shaped  form  which  is  characteristic  of 
complete  detachment.  Thus  further  detachment  is  evidently 
the  result  of  a  serous  effusion  to  which  the  irritation  of  the 
new  growth  gives  rise.  Whether  this  effusion  takes  place 
directly  into  the  subretinal  space  or  first  passes  into  the 
vitreous  chamber,  and  subsequently  behind  the  retina  after  the 
dragging  on  it  has  led  to  rupture,  has  not  been  clearly  made  out. 
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As  to  the  frequency  of  uveal  sarcoma,  I  find  that  of  181,853 
patients  attending  Moorfields  Hospital,  London,  and  the  Man- 
chester Eye  Hospital  during  four  and  five  years,  eighty-two  are 
recorded  as  being  cases  of  this  disease.  This  is  a  proportion  of 
one  to  2218.  Fuchs  collected  ninety-one  cases  from  a  material  of 
137,545  patients  attending  the  clinics  of  ten  different  ophthalmic 
surgeons  in  Germany.  Their  statistics  show  a  greater  frequency 
of  one  to  1500.  It  occurs  about  equally  frequently  in  both  sexes, 
and  is  for  the  most  part  a  disease  of  advanced  life.  Only  eleven 
out  of  259  cases  collected  by  Fuchs  occurred  before  the  age  of 
ten,  only  twenty-seven  before  the  age  of  twenty.  It  is  very 
rarely  bilateral.  Five  of  Fuchs'  cases,  or  two  per  cent.,  had  it 
in  both  eyes. 

It  has  been  supposed  that  the  disease  is  more  common  in  darkly 
jDigmented  eyes,  and  in  cases  where  there  is  an  abnormal  amount  of 
pigment  in  other  isolated  parts  of  the  body ;  but  any  definite  predis- 
position arising  from  this  or  any  other  cause — such  as,  for  instance, 
heredity — though  it  has  often  been  suspected,  has  certaialy  never  been 
clearly  demonstrated  as  yet.  It  is  more  probable  that  some  connec- 
tion may  exist  between  certain  inflammatory  conditions  of,  and 
injuries  to,  the  choroid,  and  the  tendency  to  tumour  formation.  Such 
a  connection  is,  in  my  experience,  undoubtedly  present  in  the  case  of 
orbital  growths. 

The  course  of  uveal  sarcoma  is  generally,  according  to  a 
plan  first  adopted  by  Knapp,  divided  into  four  stages : — (1 ) 
The  quiescent  or  non-irritative  stage;  (2.)  The  irritative  or 
inflammatory  stage;  (3.)  The  extraocular  stage;  and  (4.)  The 
metastatic  stage. 

According  to  the  statistics  already  several  times  referred  to, 
the  average  duration  of  the  first  stage  is  from  eighteen  to  twenty- 
one  months,  the  lower  limit  being  for  cases  of  sarcoma  of  the 
ciliary  body,  the  higher  for  those  of  the  choroid  proper.  In 
many  cases,  no  doubt,  the  period  intervening  between  the  first 
appearance  of  the  growth  and  the  occurrence  of  irritation  is 
longer,  but  escapes  observation.  The  very  beginnmg  of  the 
growth  has  only  rarely  been  seen  as  a  flat  elevation  from  the 
surrounding  fundus.  Usually  at  the  first  examination  a 
brownish  or  yellowish  protuberance  is  seen,  on  which,  when 
the  retina  is  not  too  in  transparent,  an  indistinct  and  irregular 
network  of  vessels  may  be  made  out  lying  behind  the  retinal 
vessels.    Anteriorly  situated  growths  may  sometimes  be  made 
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out  very  distinctly  by  oblique  illumination,  if  the  pupil  be  well 
dilated  with  atropine. 

In  the  second  stage  the  eye  is  painful,  and  the  tension  more 
or  less  markedly  increased.  Often  the  condition  presents  much 
the  appearance  of  inflammatory  glaucoma.  From  the  idiopathic 
or  primary  form  of  that  disease,  it  is  recognised  mainly  by  the 
absence  of  any  periods  of  remission  which  constantly  occur  in 
true  glaucoma.  When  set  up  by  a  tumour,  the  inflammation  and 
increased  tension  is  usually  constant.  The  duration  of  the  second 
stage  is  less  than  of  the  first — on  the  average  not  longer  than  a 
year,  and  often  considerably  less. 

The  third  stage  is  then  entered  upon  by  the  tumour  perforat- 
ing and  growing  externally.  The  growth  then  becomes  very 
rapid  as  a  rule,  and  ulceration,  accompanied  by  a  purulent  and 
generally  offensive  discharge,  takes  place  on  the  surface.  The 
pain  at  this  stage  often  considerably  abates  at  first,  but  reap- 
pears as  a  rule  when  proptosis,  owing  to  extension  of  the  tumour 
to  the  orbit  or  lids,  becomes  marked.  The  duration  of  the 
second  stage,  and  therefore  of  the  period  of  painful  increase,  is 
generally  less  in  tumours  of  the  ciliary  body  than  in  those  of 
the  choroid,  owing  to  the  greater  ease  with  which  they  cause 
perforation. 

As  to  the  fourth  and  final  stage,  all  that  can  be  determined 
with  any  certainty  is  the  period  at  which  metastasis,  which 
most  commonly  occurs  in  the  liver,  reveals  itself  by  the  appear- 
ance of  symptoms.  The  tumour  growth  may  of  course  begin, 
and  in  many  cases  no  doubt  has  begun,  long  before  it  gives  rise 
to  any  symptoms. 

Diagnosis. — The  chief  difficulty  of  diagnosis  presenting  itself 
during  the  first  stage  is  to  distinguish  a  choroidal  sarcoma  from 
idiopathic  detachment  of  the  retina.  The  points  to  be  attended 
to  in  the  differential  diagnosis  have  already  been  explained. 
-Detachment  of  the  choroid  might  be  mistaken  for  sarcoma,  but 
apart  from  the  very  great  rarity  of  that  affection,  the  sudden- 
ness of  onset  and  the  diminished  tension  would  be  taken  into 
consideration.  Glioma  of  the  retina  ought  not,  in  the  first  stage, 
to  be  mistaken  for  sarcoma,  and  could  only  possibly  be  mistaken 
for  the  non-pigmented  variety,  as  the  colour  is  very  different 
from  most  cases  of  sarcoma.  With  the  ophthalmoscope,  too, 
the  ghoma  can  be  distinctly  made  out  to  be  in  the  retina  itself. 
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the  structure  of  which  is  altered  in  the  portion  occupied  by  the 
tumour,  and  seen  not  to  be  merely  pressed  forward  and 
evidently  covering  the  growth,  as  is  characteristic  of  an  entirely 
choroidal  tumour.  In  the  second  stage,  especially  if  the  media 
be  clouded,  the  difficulty  is  greater,  and  the  diagnosis  will 
depend  in  great  measure  on  the  age  of  the  patient.  Glioma 
always  occurs  in  the  first  decade  of  life,  whereas  we  have  seen 
that  the  proportion  of  the  cases  of  sarcoma  occurring  so  early 
in  life  is  only  about  11  to  259,  or  not  much  over  four  per  cent. 
Diffuse  tuberculosis  of  the  choroid  has  been  mistaken  for  sar- 
coma, and  probably  in  these  rare  cases  the  differential  diagnosis 
would  be  very  difficult. 

In  the  second  stage  of  sarcoma  a  confusion  with  idiopathic 
inflammatory  glaucoma  might  be  made,  althougli  such  a  mistake 
ought  to  be  uncommon  if  proper  attention  be  paid  to  all  the 
circumstances  connected  with  each  case.    In  glaucoma  the. 
vision  has  usually  been  good  before  inflammatory  symptoms  have- 
set  in;  there  have,  besides,  often  been  observed  the  charac- 
teristic premonitory  symptoms.   There  is  the  constant  tendency 
to  remission  in  the  pain,  and  in   the  increased  intraocular 
tension,  already  referred  to.    When  the  glaucoma  is  absolute  in 
the  one  eye,  there  are  often  symptoms  of  the  disease  already 
existing  in  the  other.     In  the  case  of  sarcoma,  on  the  other 
hand,  the  patient  has  usually  been  conscious  of  more  or  less, 
blindness  of  the  eye  before  it  becomes  painful.     Often  the 
blindness  has  come  in  the  form  of  a  definite  positive  scotoma. 
When  the  inflammatory  symptoms  set  in  they  are  constant.  A 
brightish  reflection  from  the  completely  detached  retina  can 
often  be  seen.    Both  eyes  are  hardly  ever  affected  at  the  same 
time.    In  cases  where  the  choroidal  tumour  gives  rise  to  irido- 
cyclitis, the  diagnosis  may  certainly  be  rendered  difficult,  and 
still  more  so  when  shrinking  of  the  globe  takes  place  as  the  result 
of  this  inflammation,  as  sometimes  happens.    In  idiopathic  nido- 
cyclitis  the  sight  has  probably  been  good  before  the  onset  of  the 
inflammation,  and  is  only  slowly  lost  as  it  progresses.     It  often, 
too,  affects  both  eyes.    The  shrunken  eye  resulting  from  simple 
irido-choroiditis  is  usually  painful  on  pressure,  but  seldom  subject 
to  any  great  spontaneous  pain,  which,  on  the  other  hand,  charac- 
terises that  which  encloses  a  tumour.    This  was  first  pointed  out 
bv  von  Graefe,  who  also  directed  attention  to  the  form  of  the 
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shrunken  sarcomatous  globe,  which  is  more  flattened  from 
before  backwards  than  from  side  to  side,  so  that  the  depression 
caused  at  the  sites  of  the  recti  muscles  are  more  apparent  in  the 
front  of  the  globe  than  in  the  case  of  the  more  ordinary  variety 
of  phthisis  bulbi. 

The  p7-ognosis  in  uveal  sarcoma,  if  an  operation  be  not  under- 
taken, is  as  bad  as  possible.  The  disease  is  probably  invariably 
fatal,  and  the  time  the  patient  has  to  live  from  its  first  appear- 
ance is  not  much  more  than  five  years,  and  often  considerably 
less. 

Of  the  cases  on  which  Fuchs  founded  his  statistics,  285 
were  operated  on,  and  of  these  31,  or  thirteen  per  cent.,  were 


Tig.  101. — Leuco-sarcoma  springing  from  equatorial  portion  of  choroid  ; 
appearance  immediately  after  enucleation. 

followed  by  local  recurrence  of  the  growth.  In  most  of  the 
cases  recurrence  took  place  within  a  year.  The  statistics  show 
also  what  must  be  looked  upon  as  an  important  point  practically, 
that  if  recurrence  does  not  take  place  within  four  years  after 
removal  of  the  eye  it  is  not  likely  ever  to  make  its  appearance. 
Occasionally  exceptions  do  occur  to  this  rule ;  thus  in  one  case 
of  Hirschberg's  recurrence  took  place  in  the  orbit  six  years  after 
enucleation.  There  can  be  little  doubt  that  the  cause  of  the 
recurrence  is  the  presence  at  the  time  of  the  operation  of  one  or 
more  nodules  in  the  orbit,  which  may  be  so  small  as  to  be 
quite  invisible.  The  following  table,  taken  from  Fuchs'  work 
on  sarcoma,  shows  well  the  influence  which  the  stage  at 
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which  the  operation  is  performed  has  on  the  liability  to  re- 
currence : — 

Stao-e.  Total  Cases.  Recurrence. 

°  • 

I.  21  0 

II.  97  5 

III.  117  26 

It  is  evident,  therefore,  as  might  well  be  supposed,  that  the 
danger  is  only  really  great  in  the  third  stage.  Metastasis  is, 
however,  ever  so  much  more  common,  and  constitutes  the  real 
source  of  danger.    There  are  no  statistics,  so  far  as  I  am  aware, 


Recurrence 
Percentage. 

0 

5 
22 


J.  T  T 

Fig.  102. — Sarcoma  of  the  choroid  springing  from  its  posterior 
portion,  showing  a  slight  perforation  in  the  vicinity  of  the  optic  nerve. 
(From  a  gelatine  preparation  by  Dr.  A.  Hill  Griffith. ) 

which  give  any  idea  as  to  the  frequency  of  metastasis;  but 
the  proportion  of  cases  where  complete  recovery  has  followed 
the  operation,  and  where  the  patient  has  been  known  to  be 
alive  five  years  afterwards,  is  not  very  great.  Only  one  case 
in  thirteen  occurred,  for  instance,  in  Hirschberg's  practice, 
while  another  was  well  two  and  a  half  years  afterwards. 
Of  ten  cases  followed  by  ISTettleship,  three  may  be  said  to  have 
recovered,  and  one  had  no  return  after  two  and  a  half  years. 
Fuchs  only  found  recovery  in  six  per  cent,  of  the  cases  the 
histories  of  which  he  collected.  There  can  be  little  doubt,  how- 
ever, that  the  percentage  of  favourable  cases  is  higher  than  this. 
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One  curious  and  important  point  brought  out  by  Fuchs'  statistics 
is  that  metastasis  appears  just  as  likely  to  take  place  if  the 
operation  be  performed  at  the  first  as  if  performed  in  the  third 
stage,  while,  as  we  have  seen,  it  is  different  with  respect  to  local 
recurrence. 

Later  statistics  from  Leber's  practice  derived  from  a  total  of 
25  cases  observed  from  1874-1889  are  in  respect  to  recovery 
more  in  accordance  with  Nettleship's  experience,  the  proportion 
being  6  to  16.  Leber  further  found  metastasis  less  likely  to 
occur  if  the  primary  growth  were  removed  in  the  first  stage. 
On  the  other  hand  he  met  with  two  cases  of  local  recurrence. 


Fig.  103. — Melanotic  sarcoma  of  the  choroid  in  the  third  stage, 
the  tumour  having  filled  the  eye  and  perforated  the  sclera.  (From 
a  gelatine  preparation  by  Dr.  A.  Hill  Griffith.) 

following  in  one  case  3  and  in  the  other  10  years  after  early 
enucleation. 

The  only  possible  treatment  is  to  remove  the  eye.  This 
should  be  done  as  soon  as  the  diagnosis  is  certain,  in  all 
cases  where  it  is  possible  to  remove  the  whole  growth.  In  the 
second  stage  it  is  a  good  precaution  to  clear  out  most  of  the 
contents  of  the  orbit,  as  well  as  removing  the  eye.  This  is 
absolutely  necessary  where  the  tumour  has  extended  to  the 
orbit,  or  is  in  the  third  stage  of  the  disease,  whereas  it  would 
appear  from  what  has  been  said  that  enucleation  alone  is  all 
that  is  required  in  the  first  stage. 
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It  is  a  disputed  point  whether  or  not  sarcoma  occurs  in 
the  choroid  as  a  metastasis.  At  all  events,  if  it  does,  it  must 
be  so  excessively  rare  as  to  be  of  no  importance  practically. 

Metastatic  carcinoma  of  the  choroid  has  been  descriljed  by 
several  authors— Hirschberg,  Perls,  Scholer,  Manz,  &c.  It 
seems  always  to  occur  in  both  eyes,  and  in  the  cases  recorded 
has  been  usually  after  carcinoma  of  the  mamma. 

GrLiOMA  OF  THE  Ketina. — Glioma  is  a  white  or  pinkish- 
white  soft  tumoixr,  histologically  composed  for  the  most  part 
of  round  cells,  and  resembling  closely  in  its  structure  a  round- 
celled  sarcoma,— so  much  so,  that  they  are  by  some  considered 
to  be  identical.  On  this  account  it  is  also  caUed  glio-sarcoma, 
or  a  sarcoma  of  the  neurogUa.  In  many  respects,  however, 
the  clinical  features  of  glioma  differ  from  those  of  sarcoma 
when  met  with  in  the  eye,  so  that  it  is  well  to  consider  them 
altogether  as  distinct  diseases.  Glioma  shows  even  a  more 
marked  tendency  to  undergo  degenerative  changes  than  sarcoma. 
These  may  be  fatty,  calcareous,  cheesy,  and  pigmentary,  the  first 
being  the  most  common.  As  the  mass  grows  it  causes  a  dis- 
appearance of  the  vitreous,  and  often  a  loss  of  transparency  of 
the  lens,  which,  along  with  the  iris,  is  pressed  forwards,  causing 
a  more  or  less  marked  shallowing  of  the  anterior  chamber. 

After  existing  for  some  time  in  the  retina  alone,  the 
choroid  and  optic  nerve  become  involved  in  the  tumour 
growth.  The  growth  at  first  occupies  mainly  the  medullary 
portion  of  the  nerve,  and  only  after  involving  this  portion  for 
some  time  spreads  to  its  sheath.  This  causes  in  many  cases  an 
immense  thickening  of  the  nerve,  and  it  is  for  the  most  part  in 
this  way  that  extension  first  takes  place  to  the  brain.  It  is,  as 
a  rule,  the  extension  to  the  brain  that  causes  the  death  of  the 
patient.  Metastasis  does  occur,  but  far  from  being  an  invariable 
occurrence,  as  in  sarcoma  of  the  uveal  tract,  it  is  comparatively 
rare.  Metastatic  glioma  has  been  mostly  found  in  the  liver, 
but  has  also  been  met  with  in  the  bones,  ovaries,  kidneys,  and 
lungs. 

Instead,  then,  of  four  stages  which  can  be  distinguished  m 
the  cHnical  history  of  sarcoma,  only  three  characterise  glioma:— 
(1.)  The  quiescent  or  non-irritative  stage :  (2.)  The  irritative  or 
glaucomatous  stage :  and  (3.)  The  stage  of  extraocular  growth. 

Blindness  is,  of  course,  a  very  early  symptom  of  the  first 
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stage.  It  is  only  comparatively  rarely,  however,  that  this 
symptom  directs  attention  to  the  disease,  as  such  a  large  pro- 
portion of  cases  occur  in  infants,  who  do  not  complain  until 
they  begin  to  suffer  pain.  Often  before  this  the  parents  observe 
a  peculiar  whitish  reflection  from  the  eye,  not  unlike  that  from 
the  eye  of  some  animals,  and  what  used  to  be  called  the  amauro- 
tic cat's  eye,  one  of  the  chief  causes  of  which  is  glioma.  This 
appearance  and  the  accompanying  dilatation  of  the  pupil  lead 
to  the  detection  of  the  disease,  and  it  is  then,  often  long  after 
the  first  onset  of  the  disease,  that  advice  is  sought.  . 

Owing  greatly  to  the  yielding  of  the  sclera,  glaucomatous 
symptoms,  or  those  of  the  second  stage,  are  delayed  until  a  time 
when  the  tumour  is  much  larger  than  a  sarcoma,  when  it  passes 
from  the  quiescent  to  the  irritative  stage.  Children  are  there- 
fore often  first  brought  to  the  surgeon,  when  there  is  already  a 
good  deal  of  increase  in  the  size  of  the  globe,  and,  what  is 
worse,  when  the  nerve  has  to  a  great  extent  been  involved  in 
the  tumour  growth. 

The  third  stage,  or  the  extraocular  growth,  is  ushered  in  by 
the  perforation  usually  of  the  cornea, — sometimes,  though  much 
more  rarely,  of  the  sclera.  Perforation  of  the  cornea  is  often 
preceded  by  a  kind  of  neuro-paralytic  and  anaesthetic  ulceration. 
As  soon  as  the  tumour  becomes  extraocular  it  grows  with  great 
rapidity,  involving  the  tissues  of  the  orbit,  of  the  temporal 
fossa,  of  the  cheek,  and  even  of  surrounding  tissues.  The  lymph 
glands  in  the  neighbourhood  are  sometimes  affected,  but  more 
frequently  not.  There  can  be  little  doubt  that  when  metastasis 
does  take  place,  it  is  brought  about  by  absorption  of  particles  of 
the  tumour  into  the  blood,  and  not  by  transmission  through  the 
lymph  channels. 

Occasionally  it  happens,  just  as  with  sarcoma,  that  an  irido- 
cyclitis is  set  up,  and  this  may  lead  to  shrinking  of  the  eye. 
Whether  or  not  shrinking  takes  place,  the  supervention  of  an 
inflammatory  attack  of  this  nature  introduces  a  difficulty  in  the 
diagnosis. 

That  form  of  purulent  choroiditis  which  is  met  with  along 
with  cerebro-spinal  meningitis,  is  the  disease  most  likely  to 
be  confounded  with  glioma.  The  differential  diagnosis  will 
depend  partly  on  the  history,  and  partly  on  the  local  appear- 
ances.    In  the  case  of  choroiditis  there  will  usually  be  a 
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distinct  history  of  an  illness;    fever,  drowsiness,  and  other 
more  or  less  marked  cerebral  symptoms  preceding  the  intiam- 
mation  in  the  eye :  and  when  the  patient  is  old  enough  to 
observe,  the  blindness  will  be  said  to  have  come  on  after  the 
inflaimnation,  and  not  to. have  existed  before  it.    The  whitish 
reflex  from  the  fundus  very  closely  resembles  that  caused 
by  glioma,  especially  if  the  lens  has  lost  a  good  deal  of  its 
transparency.    When  it  is  possible  to  make  a  closer  exami- 
nation of  it,  the  colour  is  found  to  be  more  of  a  faint  straw,  and 
not  the  pinkish-white  or  pure  white  characteristic  of  glioma. 
There  is,  besides,  not  the  marked  and  irregular  convex  sm-face 
of  the  mass,  or  the  appearance  of  retinal  and  other  vessels  on  its 
surface  met  with  in  glioma.     The  tension  is  almost  always 
diminished,  and  there  are  also  evident  signs  of  inflammation — 
synechiEe,  uveal  pigment  on  the  lens  capsule,  &c.    An  important 
point  to  observe,  too,  is  the  condition  of  the  periphery  of  the 
iris.     When  there  are  purulent  deposits  in  the  -\dtreous,  the 
contraction  which  takes  place  in  them  leads  usually  to  retrac- 
tion of  the  peripheral  portion  of  the  iris,  and  deepening  of  the 
anterior  chamber  in  this  position.     In  glioma  the  tension  is 
rarely  low,  and  may  be  distinctly  increased  even  before  glau- 
comatous symptoms  become  evident.    The  shallowing  of  the 
anterior  chamber  takes  place  throughout,  and  is  due  to  the 
pushing  forwards  of  both  lens  and  iris.      The  differential 
diagnosis   between   glioma   and   sarcoma   has   already  been 
discussed. 

Glioma  is  less  frequent  than  sarcoma, — according  to  Horner's 
statistics,  about  twice  as  uncommon.  Twenty- three  cases  occurred 
amongst  75,000  persons,  or  one  in  every  3260.  Of  252,347 
patients  attending  during  five  years  at  Moorfields  and  Dublin, 
and  during  four  years  at  the  Manchester  and  Birmingham  Eye 
Hospitals,  95  had  glioma — a  proportion  of  one  to  2660.  It  is 
much  more  common  in  infants,  but  has  been  met  with  up  to 
the  age  of  twelve.  Possibly  it  may  sometimes  occiir  at  a  later 
age. 

The  few  cases  which  have  been  described-  as  occurring  in  adults 
have  been  either  undoubtedly  or  very  probably  cases  of  sarcoma  in- 
volving the  retina.  Cases  have  occurred  where  the  tumour  has  been 
intra-uterine.  Hirschberg  even  believes  that  the  first  beginnings  as  it 
were  of  the  tumour  are  always  congenital,  and  that  the  growth  starts 
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in  (uxrnest  at  different  times  after  birth.  There  is  certainly  nothing 
very  improbable  in  this  view.  Of  twenty-live  cases  treated  by  Horner 
three  were  congenital,  six  occurred  in  the  first  year,  five  in  the  second, 
three  in  the  third,  two  in  the  fourth,  and  one  each  in  the  fifth, 
seventh,  and  eighth  years  respectively. 

The  cliildren  affected  are  otherwise  healthy,  and  so  are  their 
parents,  as  a  rule ;  there  does  not  appear  to  be  any  heredity. 
There  is,  however,  a  very  marked  tendency  to  several  members 
of  the  same  family  becoming  affected  with  the  disease,  though 
it  is  rare  that  this  predisposition  extends  to  all  the  members  of 
a  family.  Occasionally  both  eyes  are  affected,  and  generally 
then  both  at  the  same  time,  or  one  shortly  after  the  other.  On 
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Fig.  104.— Case  of  glioma  of  the  retina.    (From  a  gelatine  preparation  by 

Dr.  A.  Hill  Griffith.) 

this  accoimt  alone  it  is  evident  that  the  disease  in  the  second  eye 
is  independent  of  the  first,  and  does  not  spring  from  a  continuity 
of  the  growth  along  the  chiasma.  But  there  is  absolute  proof 
of  this  independence  in  the  fact  that  complete  recovery  may 
take  place  after  removal  of  both  eyes  for  glioma. 

The  jirognosis  in  glioma  is  always  bad,  and  altogether  hope- 
less if  the  disease  be  left  to  its  own  course.  It  was  generally 
thought,  too,  before  von  Graefe's  time,  that  it  was  incurable. 
This  was  no  doubt  because  the  operation  was  undertaken  too  late 
—in  the  third  stage  of  the  disease— and  probably  often  very  im- 
perfectly performed.  With  improved  methods  of  examination 
26 
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and  by  operating  as  soon  as  the  diagnosis  was  certain,  Graefe 
was  soon  able  to  record  cases  in  which  complete  recovery  resulted 
from  operation.  Although  the  disease  is  extremely  malignant,  it 
is  mainly  so,  as  has  already  been  said,  on  account  of  the  great 
tendency  to  extension  to  the  brain.  If  an  opportunity  occurs  of 
operating  at  an  early  stage,  there  is  a  fair  chance  of  eradicating 
it.  It  is  always  advisable  to  remove  as  long  a  portion  of  the 
optic  nerve  as  possible  when  there  is  much  thickening  of  it.  If 
the  operation  be  done  during  the  glaucomatous  or  later  stage, 
the  whole  contents  of  the  orbit  should  be  removed.    Even  with 
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Fig  105.-GUoma  of  the  retina  complicated  with  pseudo-gUoma.  (From 
a  gelatine  preparation  by  Dr.  A.  Hill  Urittitli. ) 

this  precaution  the  chance  of  recurrence  is  very  great,— quite  as 
great  as  in  the  case  of  sarcoma,  if  not  more  so.  The  prognosis 
is  therefore  considerably  more  favourable  than  in  sarcoma  if  the 
operation  be  performed  early,  while  it  is,  if  anything,  worse  m  the 
third  stage. 

I  know  of  two  cases  in  which  there  has  been  comple^te  recovery, 
l3ut  as  I  have  not  kept  notes  of  all  the  cases  I  have  seen,  I  cannot  say 
what  proportion  they  constitute,  nor  would  P^'^f  ^'  f  ^^^ZnS 
such  i  small  number  be  of  much  value.  Almost  all  ^ff^fl"^ 
surgeons  to  whom  I  have  spoken  on  the  subject,  howevej^  have  had 
casfs  of  recovery,  and  as  the  number  of  cases  ^vf  ed  by  any  one 
surgeon  could  at  the  best  not  be  very  numerous,  as  the  disease  i.  con 
siderably  less  frequent  than  sarcoma,  this  of  itself  /  f  ^^^^^ 

is  by  no  means  a  very  rare  event.    Of  four  cases  recorded  by  Nettle- 
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ship,  one  recovered  certainly,  and  one  other  probably.  Of  eleven  cases 
followed  by  da  Gama  Pinto,  two  recovered.  Of  Horner's  twenty-three 
cases,  I  gather  from  Vetsch's  account  that  sixteen  died,  and  only  four 
were  known  to  recover.  Other  cases  of  recovery  have  been  recorded, 
notably  one  by  Agnew  after  enucleation  of  both  eyes. 

Glioma  of  the  retina  is  a  disease  which  has  long  been  known 
at  a  late  stage  of  its  development.  Wardrop,  who  Avas  the  first 
to  show  that  the  large  growths,  to  which  the  disease  gives  rise 
when  not  interfered  with,  spring  from  the  retina,  called  it  fungus 
hcematodes.  He  was  also  aware  of  its  malignant  nature,  and  of  its 
spreading  along  and  involving  the  medullary  portion  of  the  nerve.  In 
France  it  has  for  long  been  known  by  the  name  of  encephaloid  of  the 
retina,  given  to  it  by  Lsennec.  Virchow  was  the  first  to  show  that 
the  point  of  origin  is  the  connective  tissue  or  neuroglia  of  the  retina, 
and  hence  the  name  glioma.  Our  present  knowledge  on  the  subject  is 
greatly  owing  to  the  cliiucal  investigations  of  von  Graefe  and  Hirsch.- 
berg.  Different  layers  of  the  retina  are  first  implicated,  and  partly 
owing  to  this,  partly  also  to  the  manner  of  extension,  the  main  growth 
either  occupies  the  vitreous  chamber  without  leading  to  detachment  of 
the  retina,  or  it  causes  detachment,  and  occupies  the  space  between 
the  retina  and  choroid.  The  first  form  is  less  common,  and  is  known 
as  glioma  endophytum.  The  second  and  more  common  form  often 
receives  the  name  of  glioma  exopliytum.  Of  seventy-seven  cases 
collected  by  Hirschberg,  only  two  were  cases  of  glioma  endophytmn ; 
but  this  form  occurred  in  four  of  eleven  cases  recorded  by  da  Gama 
Pinto  from  Heidelberg.  Hirschberg's  proportion  probably,  therefore, 
hardly  represents  the  actual  one. 
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Most  affections  of  the  orbit  have  one  characteristic  symptom  in 
common.  They  give  rise  to  more  or  less  protrusion  of  the  eye- 
haW—proptosis  or  exophthalmos.  An  abnormal  sinking  of  the 
eye  back  into  the  orbit,  or  enophthalmos,  is  rare,  apart  from  that 
which  occurs  in  very  old  people  owing  to  the  disappearance  of 
the  orbital  fat. 

Diseases  of  the  orbit  are,  on  the  whole,  of  rare  occurrence.  Eroni 
the  statistics  published  by  the  Royal  London  Ophthaluuc  Hospital,  the 
Manchester  and  Birmingham  Eye  Hospitals,  and  the  National  Eye  and 
Ear  Infirmary,  Dublm,  I  find  that  amongst  over  250,000  patients  who- 
presented  themselves  for  treatment  at  these  mstitntions  durmg  the 
space  of  four  and  five  years,  about  one  in  800  Avas  the  subject  of  some 
orbital  aifection. 

The  causes  of  exophthalmos  are— (1.)  Inflammation  of  the 
orbit;  (2.)  Tumour  of  the  orbit;  (3.)  Aneurism  of  the  orbit; 
(4)  Graves'  disease ;  and  (5.)  Injuries  to,  and  foreign  bodies  m, 
the  orbit. 

Inflammation  of  the  Orbit.— Although  it  is  not  always 
possible  to  make  the  differential  diagnosis,  it  is  important  to 
make  a  clinical  distinction  between  an  inflammation  begmmug 
in  the  periosteum  of  some  portion  of  the  orbital  wall  or  orUtal 
periostitis,  and  one  which  originates  in,  or  is  confined  to,  the 
connective  tissue  of  the  oiUt,— orbital  celhclitis.  Wlnle  the 
former  sooner  or  later  extends  to  tbe  cellular  tissue,  an  original 
cellulitis  does  not  lead  to  inflammation  of  the  periosteum  or 
bone. 

Cellulitis  is  the  more  common  affection,  being  set  up,  as  a 
rule,  by  some  trauma  or  by  the  extension  of  a  panophthalmitis 
originating  often  in  some  severe  corneal  inflauunation.  Of 
purely  idiopathic  inflammations,  however,  it  should  be  re- 
membered that  periostitis  is  much  more  frequent  than  cellu- 
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litis.  The  periostitis  may  be  an  extension  from  some  other 
part,  and  may,  for  instance,  be  set  up  by  a  decayed  tooth,  or  it 
may  originate  in  the  orbit,  in  which  case  there  is  usually  some 
strumous  or  syphilitic  cause  for  its  appearance.  The  periostitis 
may  be  merely  hyperplastic,  or  it  may  be  gummatous,  and  lead 
to  the  destruction  of  the  tissue  involved. 

The  surrounding  cellular  tissue  and  fat  frequently  partici- 
pate in  the  inflammation  which  has  originated  in  the  periosteum, 
and  a  more  or  less  localised  abscess  results,  which  gives  rise  to 
proptosis  and  great  pain.  When  the  case  is  originally  one  of 
periostitis,  and  the  protrusion  of  the  eyeball  great,  then  it  may 
be  looked  upon  as  certain  that  it  has  proceeded  to  suppuration. 
Sometimes  fluctuation  can  be  felt  in  the  orbit,  but  this  is  not 
always  the  case.  The  pain  is  very  great,  and  subject  to  ex- 
tremely acute  exacerbations,  which  are  apt  to  come  on  at  night. 
In  many  cases  pressure  over  some  part  of  the  bone  surrounding 
the  orbit  gives  rise  to  pain,  especially  if  the  pressure  be  made 
with  the  finger  passed  as  far  to  the  inner  surface  of  the  orbital 
margin  as  possible  and  directed  away  from  the  eye.  In  this 
way  a  periostitis  may  often  be  distinguished  from  a  cellulitis. 
If,  however,  the  site  of  the  inflammation  be  very  far  back,  there 
may  be  little  or  no  pain  on  pressure  over  the  bone. 

In  exophthalmos  due  to  periostitis,  the  protrusion  generally 
takes  place  more  rapidly  than  when  the  cellular  tissue  alone  is 
inflamed,  while  the  restriction  of  movement  which  accompanies 
the  inflammatory  protrusion  is  often  less  absolute  in  some  direc- 
tions than  in  others,  and  the  displacement  itself  not  directly 
forwards,  but  more  in  some  particular  direction,  often  down- 
wards or  inwards.  In  orbital  cellulitis,  on  the  other  hand,  the 
pain  is  not  so  great  as  a  rule,  a  considerable  degree  of  protrusion 
often  taking  place  with  little,  or  only  what  is  described  as  a 
dull  pain  being  experienced;  the  proptosis  takes  place  more 
gradually,  and  is  generally  directly  forwards  without  any  greater 
deviation  in  one  direction  than  another,  while  the  restriction  iu 
the  power  of  movement  is  equally  marked  in  all  directions,  and 
is  often  practically  absolute.  There  is  no  pain  on  pressure  over 
the  bone,  but  pushing  the  eye  backwards  gives  rise  to  more  or 
less  pain.  In  both  periostitis  and  cellulitis  there  is  more  or  less 
chemosis,  as  well  as  swelling  and  redness  of  the  lid.  These 
external  indications  of  inflammation  are  said  by  some  to  be 
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greater  iia  periostitis,  but  I  do  not  think  that  the  prominence  of 
the  symptoms  can  be  relied  on  as  affording  information  of  much 
diagnostic  value.  The  state  of  vision  in  the  protruding  eye  is  a 
point  of  more  importance,  as  in  cases  of  idiopathic  cellulitis,  in 
which  alone,  as  a  rule,  there  can  be  a  doubt  as  to  the  diagnosis, 
it  is  more  frequently  seriously  affected  or  altogether  destroyed 
than  in  periostitis. 

In  some  cases  of  gumma  the  swelling  is  so  hard  that  it  might 
readily  be  taken  for  a  tumour.  These  occur  most  frequently  on 
the  roof  of  the  orbit,  not  very  far  from  its  margin.  Periostitis, 
as  well  as  caries,  is  also  met  with  confined  to  the  margin  of  the 
orbit,  or  at  all  events  not  spreading  far  back.  This,  like  the  more 
serious  deep-seated  inflammation,  is  mostly  strumous,  rheumatic, 
or  syphilitic.  The  most  common  sites  for  it  are  the  lower  ridge 
and  external  angle  of  the  margin  of  the  orbit.  It  causes  great 
oedema  of  the  lids  and  chemosis,  the  conjunctiva  being  infiltrated 
with  a  clear,  translucent,  straw-coloured  fluid.  The  site  of 
periostitis  is  easily  discovered  by  pressing  with  the  finger  over 
different  parts  of  the  orbital  margin.  This  form  less  frequently, 
in  my  experience,  goes  on  to  suppuration  than  the  deeper  affec- 
tion. I  have  met  with  it  on  several  occasions  symmetrically 
affecting  both  sides. 

When  an  abscess  does  form  it  should  be  opened  antiseptic- 
ally.  In  the  deeper-seated  abscesses,  too,  it  is  important  not 
to  delay  too  long  in  making  a  free  opening  for  the  escape  of  the 
pus  and  free  drainage.  Besides,  by  direct  transmission  through 
the  diseased  bone  forming  part  of  the  orbital  wall,  cases  which 
have  been  left  to  themselves  have  been  known  to  cause  death 
by  bursting  through  the  back  of  the  orbit.  Other  positions  in 
which  a  spontaneous  evacuation  of  the  pus  may  take  place  are — 
externally  through  the  lid  and  conjunctiva,  which  fortunately 
seems  to  be  most  common,  or  into  the  cavity  of  the  nose  or 
the  antrum,  but  this  probably  only  where  the  intervening  bone 
is  involved. 

The  caries  or  necrosis,  so  often  associated  with  the  periostitis, 
causes  the  healing  process  to  be  usually  a  protracted  one,  so 
that  a  fistulous  opening  may  remain  for  months.  "Where  such  a 
process  takes  place  at  the  orbital  margin,  the  eventual  cicatrisa- 
tion is  apt  to  lead  to  ectropion.  Children  are  especially  liable 
to  periostitis  of  the  orbit,  both  in  the  superficial  and  deep  parts. 


1 


INFLAMMATION  OF  THE  ORBIT  407 


Often  it  is  apparently  set  up  by  a  trauma,  though  probably  there 
is  generally  a  strumous  or  inherited  specific  taint  which  favours 
its  oecmTence. 

The  frequent  connection  between  severe  inflammatory  con- 
ditions of  the  coats  of  the  eye  and  the  cellular  tissue  of  the 
orbit  has  already  been  referred  to.  It  is  the  surrounding 
connective  tissue  or  Tenon's  capsule  which  first  participates  in 
the  inflammation,  but  there  seems  no  reason  to  suppose  that  it 
is  usually  confined  to  that  part,  and  consequently  to  distinguish, 
as  is  done  by  some  surgeons,  between  tenonitis  and  more  general 
orbital  celluhtis. 

Idiopathic  orbital  cellulitis  is  due  either  to  thrombosis  of 
the  cavernous  sinus  or  to  an  inflammation  which  is  set  up  by 
some  specific  poison,  which,  somehow  or  other,  finds  its  way  to 
the  tissues  of  the  orbit. 

The  inflammation  thus  originating  in  the  orbit  may  extend  to  the 
brain.  When  this  takes  place  it  is  probably  always,  as  was  first 
pointed  out  by  Berlin  and  confirmed  by  Leber,  through  the  vessels, 
and  not  through  the  lymphatic  channels.  However  it  may  originate, 
an  idiopathic  inflammation  of  the  orbital  tissues  is  much  more  Hable 
to  cause  either  complete  destruction  of,  or  grave  interference  with, 
vision,  than  that  which  results  from  accident,  or  from  the  extension 
of  a  purulent  choroiditis.  It  is  unlikely,  therefore,  that  the  mere 
compression  of  the  nerve,  which  might  be  supposed  to  take  place 
when  the  eyeball  is  greatly  protruded,  is  the  main  cause  of  this  dis- 
astrous compHcation,  but  that  the  nature  of  the  inflammation  itself 
seems  of  greater  importance  in  this  respect. 

The  danger  to  life  is  also  greater  in  the  idiopathic  cases. 
Indeed,  those  which  primarily  depend  on  thrombosis  of  the 
venous  sinus  are  always  fatal,  and  usually  the  exophthalmos  is 
at  the  same  time  double.  How  it  is  that  in  some  cases  which 
have  a  peripheral  origin,  a  spreading  of  the  inflammation  to  the 
brain,  and  consequently  generally  a  fatal  termination,  occurs, 
while  in  other  apparently  similar  cases  this  complication  is  not 
met  with,  does  not  seem  quite  clear. 

The  affection  often  begins  with  fever,  and  more  or  less 
marked  indications  of  gastric  irritation ;  not  infrequently  there 
is  an  evident  erysipelas  of  the  face  and  head  which  has  spread 
to  the  orbit,  or  a  lesion  of  some  kind  in  the  neighbourhood  of 
the  eye,  which  has  given  rise  to  phlebitis. 
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Probably  in  Ijoth  cases  the  result  is  a  more  or  less  extensive  tbrom- 
bosis  of  the  veins  in  the  orbit,  which  may  extend  to  the  central  vein 
of  the  retina,  and  cause  blindness,  or,  by  extending  backwards,  lead 
to  phlebitis  and  thrombosis  of  the  cavernous  sinus.  Often,  however, 
no  such  tangible  cause  can  be  discovered.  In  such,  Leber  assumes, 
nevertheless,  the  existence  of  some  similar  infectious  cause.  He  says 
"  that  the  origin  of  the  orbital  inflammation  is  to  be  regarded  in  the 
same  light  as  probably  every  one  now  looks  upon  the  occurrence  of 
an  apparently  spontaneous  attack  of  erysipelas,  viz.,  that  infectious 
matter  finds  its  way  into  an  unnoticed  abrasion  of  the  skin.  The 
Avound  thus  infected  is  probably  generally  in  the  lid,  which,  owing  to 
its  abundant  venous  supply,  offers  particularly  favourable  conditions 
for  the  establishment  of  an  infected  thi-ombus."  While  an  orbital 
cellulitis  of  this  natiu'e  is  usually  confined  to  one  eye,  it  has  occasion- 
ally been  met  with  on  both  sides.  The  cause  of  the  bilateral  occur- 
rence has  been  found  in  the  case  of  the  erysipelatous  variety  to  be 
either  an  extension  of  the  tlu'ombosis  into  the  cavernous  sinus,  and 
from  thence  into  the  other  orbit,  or — and  this  seems  to  have  been 
more  frequently  observed — the  inflammation  of  the  skin  may  spread 
into  both  orbits. 

In  orbital  cellulitis  caused  by  erysipelas,  death  occurs  from 
extension  to  the  brain  in  probably  about  tvpenty-five  per  cent., 
and  is  more  likely  to  occur  when  both  orbits  are  affected  than 
where  the  exophthalmos  is  on  the  one  side  alone.  It  is  con- 
siderably more  likely  than  not  to  be  followed  by  complete  blind- 
ness. In  the  cases  I  have  seen,  the  subsequent  atrophy  of  the 
optic  disc  has  been  extreme,  and  the  vessels  much  diminished  in 
number  and  calibre,  but  I  have  not  observed  any  marked  degree 
of  vasculitis  or  perivasculitis  leading  to  dense  white  lines  in  the 
place  of  the  retinal  vessels,  such  as  have  been  described  by 
Knapp  and  others. 

The  treatment  of  inflammatory  exophthalmos  must  be  directed 
as  far  as  possible  to  preventing  the  retention  of  pus  in  the  orbit. 
Before  the  protrusion  of  the  eye  is  great,  and  so  long  as  actual 
suppuration  has  not  taken  place,  the  treatment  should  be  mainly 
expectant,  or  at  all  events  no  active  local  treatment  is  required. 
Constitutional  remedies  suited  to  the  case  may  be  tried,  and  a 
firm  bandage  applied  over  the  eye.  It  should  be  remembered 
that  some  cases  disperse  without  leading  to  abscess.  This 
favourable  result  is  not  to  be  expected  when  the  pain  is  excessive 
and  the  exophthalmos  marked,  and  the  formation  of  the  pus 
should  then  rather  be  favoured  by  frequent  antiseptic  poulticing. 
As  soon  as  any  fluctuation  can  be  made  out,  an  incision  should 
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be  made  into  the  orbit,  the  site  for  the  incision  being  chosen 
according  to  the  position  of  the  most  evident  fluctuation,  if  such 
exist,  or  where  the  separation  of  the  eye  from  the  orbital  wall  is 
most  pronounced.  The  knife — either  a  large  Graefe's  knife  or  a 
narrow  Sichel — should  be  plunged  deeply  into  the  orbit,  with  the 
edge  turned  away  from  the  eye.  The  escape  of  pus  causes  great 
relief  to  the  patient,  and  generally  very  considerable,  though 
not  complete,  reduction  of  the  proptosis.  It  is  necessary  to 
seciire  efficient  drainage  afterwards,  as  in  most  cases,  and  espe- 
cially where  there  has  been  periostitis,  the  discharge  will  con- 
tinue for  a  long  time.  Careful  probing  may  be  made  through 
the  wound  from  time  to  time  in  order  to  determine  the  state  of 
the  bone,  especial  care  being  taken  where  any  diseased  bone  is 
found  in  the  roof  of  the  orbit. 

Empyema  of  the  Frontal  Sinus. — A  collection  of  matter 
may  take  place  in  the  frontal  sinus  on  one  or  both  sides.  This 
is  by  no  means  common,  the  bilateral  alfection  being  especially 
rare.  The  symptoms  to  which  an  empyema  in  this  situation 
gives  rise  depend  upon  its  acuteness  and  the  degree  of  patency 
of  the  normal  opening  which  connects  the  sinus  with  the  nose. 
Most  cases  have  probably  lasted  a  long  time  before  they  lead  to 
any  swelling,  other  than  possibly  some  degree  of  distension  of 
the  cavity,  which  remains  unnoticeable.  After  a  longer  or 
shorter  time  the  anterior  bony  wall  becomes  perforated  at  its 
orbital  aspect,  where  it  is  thinned,  by  the  retained  secretion,  and 
a  rounded  elastic  swelling  makes  its  appearance  at  the  tipper 
and  inner  angle  of  the  orbit,  causiiig  epiphora,  as  it  increases  in 
size,  from  pressure  on  the  tear  sac,  and  also  some  degree  gener- 
ally of  displacement  of  the  eye,  with  a  corresponding  diplopia  in 
certain  directions  of  fixation.  The  displacement  of  the  eye  is 
forwards,  downwards,  and  outwards.  Occasionally,  however, 
the  diplopia  is  more  marked  than  can  be  accounted  for  by  this 
displacement,  which  may  be  very  slight,  and  is  then  no  doubt 
partly  or  wholly  due  to  interference  with  the  action  of  the 
tendon  of  the  superior  oblique  muscle.  Sometimes  the  patient 
has  for  long  complained  of  headache,  confined  to,  or  starting 
from,  the  region  of  the  sinus ;  at  other  times  the  condition  is 
found  to  have  given  rise  to  very  little  discomfort.  I^otwith- 
standhig  the  bursting  of  the  abscess  through  the  bone,  the 
passage  to  the  nose  may  frequently  be  found  to  be  not  altogether 
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obliterated,  as  by  pressure  over  the  swelling  the  contents  may 
often  be  emptied  into  the  nose. 

Occasionally,  as  in  a  case  recorded  by  Knapp,  bursting  takes 
place  backwards,  leading,  as  it  does  in  abscess  in  the  mastoid 
cells,  to  a  cerebral  abscess.  This,  however,  is  fortunately  a  very 
rare  occurrence. 

Frontal  sinus  abscess  may  occur  at  any  time  of  life,  except 
in  young  children,  as  the  sinuses  are  not  developed  until  after 
the  fifth  or  sixth  year.  A  distension  of  the  sinus  may  also 
take  place,  owing  to  the  extension  of  nasal  growths  into  it. 
Tumours  do  not,  however,  appear  to  grow  primarily  in  this 
situation.  Only  one  case  has  been  recorded  by  Knapp  where 
distinct  masses  of  a  myxomatous  nature,  unconnected  with 
any  similar  development  in  the  nasal  passages,  were  found 
complicating  the  condition  of  abscess  which  called  for  surgical 
interference. 

The  cause  of  distension  of  the  frontal  sinus  is  not  always  very 
clear.  Sometimes  there  has  been  many  years  previously  an  accident 
which  has  possibly  closed  up  the  passage  to  the  middle  meatus  of  the 
nose,  hut  as  a  rule  such  an  interference  with  the  outflow  of  the  secre- 
tion from  the  sinus  seems  more  probably  to  be  due  to  swelling  of  the 
mucous  membrane  lining  the  channel.  In  the  first  case  the  pent-up 
fluid  slowly  increases ;  in  the  other  there  is  at  the  same  time  an  in- 
flammatory condition  of  the  lining  membrane  leading  to  suppuration 
in  much  the  same  manner  as  that  commonly  met  with  in  the  tear  sac. 

The  treatment  consists  in  cutting  down  on  the  swelling, 
enlarging  if  necessary  the  aperture  in  the  bone,  and  then  keep- 
ing up  a  proper  drainage  by  inserting  a  drainage  tube  and 
syringing  out  the  cavity  at  first  twice  daily,  and  afterwards 
less  frequently.  In  cases  where  the  discharge  is  very  purulent 
at  first,  there  is  generally  no  actual  stricture  of  the  passage  to 
the  nose,  and  nothing  further  is  required. 

When  there  is  no  passage  one  may  be  made  with  a  small  gouge, 
and  kept  open  by  frequently  passing  a  probe  through  it,  or  the  follow- 
ing operation  described  by  Lawson  may  be  performed.  AVitli  the 
index  finger  of  one  hand  in  the  sinus,  the  right  in  the  case  of  the  left 
and  the  left  in  the  case  of  the  right  sinus,  the  Uttle  finger  of  the  other 
hand  is  passed  up  the  nostril,  "  and  an  endeavour  made  to  find  out 
the  spot  at  which  the  tip  of  the  finger  in  the  sinus  will  approximate 
.  most  closely  to  the  one  in  the  nose.  After  a  little  search  it  will  be 
found  that  at  one  part  the  fingers  will  almost  meet,  there  being  only  a 
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thin  plate  of  bone  between  them.  Having  gained  this  information, 
the  finger  in  the  frontal  sinus  is  to  be  withdrawn,  but  that  in  the 
nostril  to  be  retained  in  sihi,  to  act  as  a  guide  to  the  gouge  or  elevator 
which  is  to  be  passed  into  the  sinus,  and  made  to  force  a  passage  into 
the  nose  through  the  lamina  of  bone  on  which  the  tip  of  the  little 
linger  is  resting.  A  communication  between  the  frontal  sinus  and  the 
nose  having  been  thus  established,  an  indiarubber  drainage  tube,  with 
holes  cut  at  short  distances,  is  to  be  introduced,  one  extremity  of 
which  is  to  be  afterwards  fastened  on  the  forehead,  whilst  the  other 
end  protrudes  slightly  from  the  nostril.  The  easiest  Avay  of  introduc- 
ing a  drainage  tube  is  to  pass  a  probe  with  an  eye  up  the  nostril  and 
out  of  the  wound,  and  having  fastened  the  tube  to  it  by  means  of  a 
piece  of  string,  to  draw  it  back  again  throiigh  the  nose." 

As  a  rule,  it  is  long,  sometimes  a  year  or  more,  before  the 
discharge  stops  altogether,  and  before  it  is  safe  to  allow  the 
opening  to  close.  Sometimes  a  permanent  fistula  is  left.  Leber 
has  described  a  visible  pulsation  in  the  fluid  contained  in 
the  sinus  in  a  case  on  which  he  operated.  Such  pulsation, 
which  might  possibly  give  rise  to  the  idea  of  a  communicated 
pulsation  from  the  cerebral  vessels,  is  really,  as  Boeckel  has 
shown,  always  met  with  where  there  is  a  narrow  opening  into 
a  rigid  cavity  lined  by  a  vascular  membrane. 

Sup2yiiraUon  in  the  ethmoidal  cells,  originating  in  some  nasal  in- 
flammation, may  give  rise  to  abscess  of  the  orbit.  In  such  cases  pus 
is  discharged  through  the  nose,  and  the  fluid  injected  into  the  wound 
made  in  the  orbit  after  the  abscess  has  been  opened  escapes  in  part  by 
the  same  channel.  Suppuration  beginning  in  this  situation  is  the 
probable  cause  of  such  cases  of  orbital  cellulitis  as  apjjear  to  be  con- 
nected with  affections  of  the  nose.  We  have  seen,  on  the  other  hand, 
that  an  abscess  originating  in  the  orbit  may,  if  not  opened,  burst 
through  the  ethmoid  into  the  nose.  Priestley  Smith,  Eales,  and  some 
older  writers  have  recorded  cases  of  caries  and  necrosis  of  the  ethmoid 
leading  to  exophthalmos.  Cases  have  been  described,  too,  and  are 
ref  eiTed  to  by  Berger  in  his  Diseases  of  the  Ethmoid  and  Sijilienoid,  in 
which  exophthalmos  has  been  a  symptom  of  similar  diseases  of  the 
sphenoid.  In  these  cases  the  optic  nerve  may  be  pressed  on  or  in- 
flamed, and  thus  an  extension  of  the  disease  to  the  optic  foramen  may 
be  the  cause  of  blindness.  Finally,  as  a  curiosity,  may  be  mentioned 
a  case  described  by  Mair,  in  which  an  empyema  of  the  antrum  spread 
first  to  the  ethmoid  cells,  and  then  to  the  orbit,  causing  death  by 
meningitis. 

Tumours  of  the  Okbit. — The  orbit  may  be  the  seat  of  both 
simple  and  malignant  new  growths,  and  these  again  may 
primarily  form  in  the  orbital  tissues,  or  invade  them  by  exten- 
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sion  from  neighbouring  parts.  Some  malignant  tumours  in  this 
situation  are  metastatic. 

Although,  from  a  clinical  point  of  view,  the  most  satisfactory 
division  of  orbital  tumours  is  into  simple  and  malignant,  it 
seems  more  convenient  to  consider  them  according  to  the 
structures  from  which  they  spring.  The  tumours  which  may 
be  recognised  according  to  such  a  classification  are: — (1.) 
Tumours  of  the  bony  wall  of  the  orbit ;  (2.)  vascular  tumours 
of  the  orbit ;  (3.)  tumours  of  the  connective  tissue ;  and  (4.) 
tumours  of  the  optic  nerve.  Tumours  of  the  lachrymal  gland 
are  of  course,  properly  speaking,  also  orbital.  They  have, 
however,  been  referred  to  in  the  chapter  on  affections  of  the 
lachrymal  apparatus. 

Orbital  tumours  are,  comparatively  speaking,  of  rare  occur- 
rence. Of  2058  tumours  met  with  by  Billroth,  217  occurred 
in  the  face  and  neck,  and  of  these  only  18  were  in  the  orbit. 
Tumours  originating  in  any  part  of  the  orbit,  though  they 
may  lead  to  the  destruction  of  vision — occasionally,  when  they 
set  up  inflammation,  to  destruction  of  the  eye  itself — do  not 
spread  to  the  eyeball.  A  few  exceptions  are  met  with  in 
tumours  growing  from  the  optic  nerve,  but  these  are  extremely 
rare.  When,  therefore,  a  growth  is  seen  to  occupy  both  the 
globe  and  the  orbit,  as  is  by  no  means  uncommon,  it  may  be 
inferred  that  the  starting-point  has  been  the  eye  itself.  As 
they  extend  within  the  orbit,  new  growths  lead  to  more  and 
more  exophthalmos,  and  at  the  same  time  to  more  or  less  marked 
interference  with  the  movements  of  the  eye,  giving  rise  conse- 
quently to  diplopia  as  long  as  the  vision  is  sufficiently  retained 
in  the  displaced  eye.  The  direction  of  greatest  displacement 
affords  an  indication,  too,  of  the  position  occupied  by  the 
tumour.  Growths  of  the  nerve  itself  or  its  sheaths,  or  growths 
which  lie  within  the  cone  of  muscular  fibres  which  extends  from 
the  apex  of  the  orbit  to  the  eyeball,  cause  less  interference  at 
first  with  the  movements  of  the  eyeball,  and  at  the  same  time 
displace  it  directly  forwards.  In  the  case  of  growths  springing 
from  other  parts  there  is  often  a  preponderance  of  displacement 
in  some  particular  direction.  Great  differences  are  met  with  in 
the  amount  of  pain  caused  by  a  tumour  of  the  orbit,  the  malig- 
nant growths  being  on  the  whole  more  painful  than  the  benign 
tumours,  but  not  so  markedly  so  as  to  render  the  degree  of  pain 
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a  point  of  much  practical  diagnostic  importance.  The  vision  of 
the  eye  may  remain  perfectly  good,  notwithstanding  consider- 
able proptosis,  but  many  orbital  growths  sooner  or  later  lead 
to  its  destruction.  The  vision  is  generally  lost  by  neuritis  or 
optic  atrophy  from  pressure,  rarely,  if  ever,  owing  to  the  nerve 
being  actually  involved  iu  the  tumour  growth. 

TuMOUES  OF  THE  BoNY  Wall  OF  THE  Orbit. — Osteomata  or 
exostoses  of  the  orbit  are  exceedingly  rare.  I  find  that  out  of 
128,000  cases  of  eye  affections  treated  at  Moorfields  Hospital 
during  five  years,  eight  were  cases  of  this  nature.  Knapp 
found  four  cases  amongst  56,000  patients.  The  frequency 
may  therefore  be  taken  at  abou^t  oue  in  every  15,000  patients 
seeking  advice  at  an  ophthalmic  hospital  or  ophthalmic  depart- 
ment of  a  general  hospital. 

The  tumours  consist  of  excessively  hard  close  bone,  like 
ivory  exostoses  elsewhere.  They  are  mostly  found  at  the  upper 
and  inner  angle  of  the  orbit  growing  from  the  frontal  bone, 
while  next  in  point  of  frequency  are  those  growing  from  the 
ethmoid.  But  they  may  apparently  occur  at  any  part  of  the 
orbit.  They  usually  grow  very  slowly,  so  that  years  may 
elapse  after  they  have  first  begun  before  they  attain  any  size. 
The  extension  either  takes  place  into  the  orbit  alone,  causing  a 
gradual  displacement  of  the  eye,  to  which  the  eye  may  accom- 
modate itself  to  a  great  extent,  but  which  eventually  causes  its 
destruction,  or  it  may  take  place  at  the  same  time  into  the 
cranial  cavity  or  the  maxillary  antrum,  according  to  the  situation 
of  the  growth. 

The  etiology  of  exostosis  seems  to  be  altogether  obscure. 
There  is  generally  not  much  difficulty  about  the  diagnosis — the 
slow  growth,  excessive  hardness,  immobility,  and  direct  connec- 
tion with  the  bone  being  sufficiently  characteristic.  I  have, 
however,  once  seen  a  mistake  made  in  the  case  of  bone  thrown 
out  round  a  chronic  abscess  in  the  ethmoid.  If  left  alone  they 
do  not  appear  to  destroy  life,  even  if  they  at  the  same  time 
grow  into  the  cranial  cavity.  Their  gradual  enlargement  may, 
however,  lead  to  eventual  destruction  of  the  eye. 

Treatment. — Frontal  exostoses  may  be  left  alone  as  long  as 
they  do  not  interfere  with  vision  by  pressure  on  the  eye.  When 
this  takes  place  they  can  be  removed  with  almost  complete 
safety  by  drilling  a  number  of  holes  through  their  base,  where 
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they  are  usually  thinnest,  with  a  dentist's  drill,  and  completing 
the  separation  by  means  of  a  small  circular  saw  attached  to  the 
same  apparatus,  and  a  hammer  and  chisel.  The  latter  should  be 
used  with  as  little  force  as  possible,  as  it  may  lead  to  fracture  of 
the  bone  from  which  they  grow,  unless  the  neck  of  the  tumour 
has  been  sufficiently  weakened  by  the  perforations.  By  this 
means  the  exostoses  are  not  completely  removed,  and  a  repeti- 
tion of  the  operation  may  be  necessary  after  the  lapse  of  some 
years.  Comiolete  extirpation  has  often  been  effected,  but  is 
risky  in  all  cases  where  there  is  a  possibility  of  some  of  the 
tumour  extending  into  the  cranial  cavity.  It  has  of  ten— accord- 
ing to  Berlin  in  twenty-five  per  cent,  of  the  recorded  cases  of 
exostosis  of  the  frontal  bone — been  followed  by  a  fatal  result 
from  injury  to  the  brain.  The  results  of  extirpation  of  exostoses 
of  the  ethmoid  have  been  much  less  unfavourable. 

Vasculak  Tumours  of  the  Orbit.— Nsevi  are  occasionally 
met  with  extending  from  the  skin  of  the  face  into  the  orbit. 

Some  years  ago  I  removed  at  the  Edinburgh  Infirmary,  with  the 
assistance  of  Dr.  MacGillivray,  a  tumour  entirely  composed  of  blood- 
vessels, which  extended  from  behind  the  globe  forwards  imder  the 
conjunctiva,  thus  embracing  the  complete  inner  half  of  the  eye,  which 
it  nearly  equalled  in  volume.  It  was  not  connected  with  any  vascular 
dilatation  on  the  skin,  and  apparently  received  its  blood  supply  from 
the  angular  artery.  It  had  been  growing  for  many  years.  There  has 
been  no  recurrence  during  the  six  years  which  have  elapsed  smce  the 
operation,  and  the  eye  has  perfect  vision,  though  it  is  considerably  re- 
stricted in  its  movements  inwards  from  the  cicatricial  tissue  which  has 
formed  in  the  position  of  the  anterior  portion  of  the  growth.  I  have 
seen  one  other  very  similar  case,  where,  however,  the  tumour  was  not 
so  large,  which  came  under  the  care  of  Dr.  Duncan  at  the  Eduiburgh 
Eoyaf  Infirmary,  and  was  treated  by  him  by  electrolysis. 

Cavernous  vascular  tumours  have  been  described,  but  are  very  rare. 
They  appear  to  be  most  commonly  situated  withm  the  cone  of  ocular 
muscles.  They  have  all  been  of  excessively  slow  growth,  and  are 
characterised  by  more  or  less  marked  differences  in  the  degree  of 
exophthalmos  to  which  they  give  rise,  according  to  the  extent  to 
which  the  erectile  tissue  of  which  they  are  composed  is  engorged. 
The  existence  of  such  a  tumour  might  be  suspected,  if,  by  any  con- 
dition which  gave  rise  to  engorgement  of  the  vessels  of  the  head,  the 
exophthalmos  was  distinctly  increased  in  amount.  They  can,  too  be 
generally  emptied  by  pressure  on  the  eye.  They  are  painless  and  ot 
exceedingly  slow  growth,  if  not  sometimes  altogether  stationary.  Occa- 
sionaUy,  by  the  bursting  of  a  vessel  and  the  consequent  extravasation 
of  blood,  a  sudden  increase  in  the  exophthalmos  may  take  place  from 
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the  formation  of  a  sanguineous  cyst,  as  in  a  case  recorded  by  Lawson. 
PlilebolitLs  have  also  in  some  cases  been  found  embedded  in  the 
tumour. 

Forster  and  Wiesner  have  described  cases  which  appear  to  have 
been  lymphangiomata.  In  these  there  was  an  absence  of  compressi- 
bility and  of  temporary  engorgement,  but  interference  with  the  move- 
ments of  the  eyeball. 

The  best  treatment  for  such  tumours,  as  well  as  for  ntevi  in 
the  orbit,  is  probably  electrolysis. 

TUMOUKS  OF  THE  CONNECTIVE  TISSUE,  &C.  OF  THE  OeBIT. — 

These  are  simple  or  malignant,  the  latter  being  more  common. 

The  simple  tumours  met  with  are  cysts  and  lympha- 
denomata.    The  cysts  are  either  dermoid  or  hydatid. 

I  have  not  met  with  a  case  of  dermoid  cyst  of  the  orbit.  One  case 
was  operated  on  by  Walker  in  the  Edinburgh  Eoyal  Infirmary  in  1867. 
They  appear,  however,  not  to  be  extremely  rare  :  Berlin,  from  whom 
the  following  account  is  taken,  collected  records  of  seventy-three  cases, 
and  a  few  have  been  described  since  his  monograph  was  published. 
They  are  foetal  structures,  with  contents  similar  to  those  met  with  in 
the  case  of  similar  cysts  elsewhere,  only  with  a  tendency  to  greater 
fluidity.  AVhile  some  have  contained  hairs,  epidermic  scales,  and  fatty 
matter,  and  even  in  one  instance  a  tooth,  others  have  been  fiUed  with 
a  more  fluid  albuminous  material.  They  are  usually  unilocular,  but 
sometimes  divided  into  cavities,  and  have  been  met  with  of  all  sizes  up 
to  that  of  a  goose's  egg.  They  lie  outside  the  muscular  cone,  and  are 
sometimes  pretty  firmly  attached  to  the  apex  of  the  orbit.  They 
slowly  increase  in  size,  generally  being  large  enough  to  attract  attention 
before  the  patient  reaches  the  age  of  twenty. 

The  diagnosis  is  difficult  in  all  cases,  but  least  in  cases 
where  there  is  fluctuation,  and  a  history  of  the  condition  being 
probably  congenital.  With  the  exception,  perhaps,  of  some  true 
optic  nerve  tumours,  the  congenital  conditions  which  cause 
exophthalmos  are  only  dermoid  cysts  and  angiomata.  As  they 
go  on  increasing  in  size,  the  treatment  consists  in  removing 
them  as  thoroughly  as  possible. 

A  curious  variety  of  orbital  cysts  has  been  met  with  by  Talko  and 
others  in  cases  of  anophthalmos  and  microphthalmos,  Avhich  appears 
to  be  a  cystic  degeneration  of  more  or  less  of  the  embryonic  structures 
which  should  go  to  form  the  eye.  This  is,  however,  only  a  curiosity 
and  of  no  practical  importance,  besides  being  of  very  rare  occurrence. 

Hydatid  cysts  are  comparatively  rarely  met  with  in  the 
orbit,  and  in  this  country,  where  the  echinococcus  is  altogether 


4i6 


DISEASES  OF  THE  ORBIT. 


uot  very  frequent,  exophthalmos  due  to  this  cause  is  probably 
much  rarer  than  that  resulting  from  a  dermoid  cyst.  The 
diagnosis  cannot  well  be  made  with  any  certainty  ;  probably,  in 
most  cases  fluctuation  can  be  made  out,  and  the  fact  of  the 
exophthalmos  being  only  recent  might  help  to  differentiate  it 
from  a  dermoid  cyst.  An  exploratory  puncture  should  be  made 
in  a  doubtful  case. 

The  only  case  which  I  have  had  the  opportunity  of  seeing  occurred 
at  Moorfiekls,  and  was  there  operated  on  by  Lyell.  In  that  case 
neuritis  and  optic  atrophy  preceded  the  exophthalmos,  which  eventu- 
ally became  so  great  that  sloughing  of  the  cornea  began  to  take 
place,  when  the  patient,  after  an  absence  of  some  months,  presented 
himself  again  at  the  hospital.  Evisceration  of  the  orbit  was  then 
decided  on,  and  the  eye  first  removed.  On  preparing  to  dissect  out 
the  tumour  with  scissors  the  wall  of  the  cyst  was  opened,^  and  the  fluid 
gushed  out,  and  was  followed  by  complete  collapse  of  the  growth. 
These  cysts  have  been  met  with  m  all  parts  of  the  orbit.  They  gene- 
rally give  rise  to  pain,  and  appear  to  be  more  common  before  than 
after  twenty.    Perforation  of  the  cyst  into  the  cranial  cavity  has  been 

described.  i      -i  j 

Only  a  very  few  cases  of  cysticercus  in  the  orbit  have  been  described, 
two  of  which  have  occurred  in  this  country,  and  Avere  recorded 
respectively  by  Bowman  and  Higgens. 

Lymphadbnomata.— A  few  cases  of  non-malignant  primary 
symmetrical  tumours  in  both  orbits,  the  site  of  which  appears 
to  have  been  outside  the  cone  of  muscles,  and  near  the 
periosteum,  have  been  described  by  Leber,  Gayet,  and  others. 
The  blood  in  some  of  these  cases  has  been  found  to  contain  a 
great  excess  of  white  corpuscles,  their  proportion  to  the  red 
being  as  one  to  five  or  one  to  four.  They  have  been  described, 
and  no  doubt  correctly,  as  lymphadenomata.  The  ages  of  the 
patients  in  the  cases  so  far  recorded  have  ranged  from  four 
to  seventy.  The  prognosis  is  bad.  In  one  case  the  tumours  dis- 
appeared spontaneously  previous  to  the  death  of  the  patient ; 
in  two  others  a  cure  was  effected  by  extirpation,  which  there  is 
good  reason,  however,  to  believe  might  not  always  be  possible 
with  the  retention  of  the  eyes,  and  therefore  hardly  justifiable 
except  when  they  may  have  already  produced  blindness.  The 
disease  is  one  which,  though  rare,  deserves  further  attention. 

Malignant  Tumours.— The  primary  malignant  tumours  of 
the  orbit  are  mainly,  if  not  entirely,  sarcomata.  Carciiiomata 
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do  occur,  but,  except  in  the  cases  of  tumours  of  the  lachrymal 
gland,  they  are  probably  always  metastatic.    They  seem,  too, 
to  be  of  rare  occurrence;  only  one  case  after  scirrhus  of  the 
mamma  has  come  under  my  observation,  and  was  shown  to  me 
by  Dr.  Cotterill  of  Edinburgh.    Primary  sarcoma  of  the  orbit 
is  usually  non-pigmented,  but  melanotic  sarcoma  has  been  met 
with  originally  growing  from  the  orbital  fat.    It  is  most  fre- 
quently, however,  an  extension  from  an  intraocular  tumour. 
Various  forms  of  sarcoma  occur  in  the  orbit,  much  the  most 
frequent  being  the  round  and  spindle-shaped  varieties.  The 
rapidity  of  their  growth  depends  partly  upon  the  tumour  itself, 
and  partly  on  the  age  of  the  patient.    Eound-celled  sarcomata, 
as  elsewhere,  are  the  most  malignant,  while  the  younger  the 
patient  the  greater  is  the  tendency  to  rapid  growth.  The 
tumour  may  extend  to  the  brain,  and  also  to  the  antrum,  tem- 
poral fossa,  &c.    Sarcoma  of  the  orbit  is  usually  painful,' more 
so,  at  all  events,  than  most  simple  orbital  tumours.  It  is  usually 
fatal,  although  sometunes  early  removal  may  altogether  eradi- 
cate the  disease.    Occasionally  the  growth  stops  spontaneously, 
and  the  tumour  undergoes  various  degenerative  changes.  This 
is,  however,  an  occurrence  of  such  rarity  that  it  can  hardly  be 
regarded  as  of  any  practical  importance.    The  treatment  con- 
sists in  removing  the  contents  of  the  orbit  as  thoroughly  as 
possible. 

Tumours  of  the  Optic  Nerve  are  of  rather  rare  occurrence. 
They  have  been  divided  by  Leber  into  true  or  essential  and  non- 
essential optic  nerve  tumours.  The  first  are  those  which  sprina 
origmally  from  the  nerve  itself;  the  second  spring  from  the 
sheath,  mvolving  the  nerve  secondarily.  Only  the  first  are  here 
referred  to.  Altogether,  probably  not  more  than  seventy  cases 
have  been  recorded.  During  the  last  ten  years  three  cases  have 
been  met  with  at  the  Edinburgh  Eoyal  Infirmary.  One  tumoiu- 
was  removed  by  Dr.  Argyll  Eobertson ;  the  other  two  happened 
to  be  under  my  care.  Tumours  of  the  optic  nerve  have  mostly 
occurred  in  early  Hfe,  being  possibly  sometimes  congenital  As 
the  muscles  are  not  involved  in  the  tumour,  the  movements  of 
the  eye  are  generally  relatively  good,  even  when  the  proptosis 
IS  considerable.  The  eye,  though  as  a  rule  soon  rendered  siaht- 
less,  remains  intact  until  the  protrusion  is  so  great  that  it  can- 
not be  covered  with  the  lids.  Until  the  cornea  becomes  affected 
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from  exposure,  there  is  complete  absence  of  pain  A  very  con- 
siderable degree  of  antero-posterior  flattenmg  ^^^^  ^J^ 
take  place  as  the  tumour  increases  m  size.  The  eye  hen 
enucleated,  may  thus  have  an  appearance  which  is  diffeient  m 
this  respect  from  that  caused  by  other  orbital  tumours.  Uui- 
ously  enough,  no  subjective  sensations  of  hght  have  been 
ecoLd,  afihough  the  neuritis  and  atrophy  whidi  accompany 
the  growth  of  the  tumour  show  that  the  nerve  fibres  must  be 

^''Ttusp^don  that  a  tumour  in  the  orbit  was  of  this  nature 
should  be  raised  by  the  movements  of  the  eye  being  good,  by 
the  early  though  not  absolutely  sudden  loss  of  vision,  and  by 
the  comparative  absence  of  pain;  but  the  diagnose  cannot 
always  be  made  with  any  certainty.  In  some  cases  of  sarcoma 
of  the  orbit,  sudden  blindness  may  come  on,  probably  owmg,  as 
in  a  case  of  Leber's,  to  compression  from  haemorrhage.  _ 

The  progress  of  these  cases  of  optic  nerve  tumour  is  very 
slow,  generally  lasting  for  many  years.  Most  have  been 
myxomata,  or  combinations  of  other  forms  of  tumour  ..th 
mucoid  tissue.  Next  in  frequency  come  fibromata,  as  m  a  case 
recorded  by  Brailey.  A  true  neuroma  has  only  once  been 
described  by  Perls.  The  tumours  have  as  a  rule  not  involved 
the  outer  sheath  of  the  nerve.  The  result  of  operation  has  not 
generally  been  satisfactory.  In  one  of  the  cases  m  which  I 
femoved,  and  which  has  been  recorded  by  Sym  no  recurrence 

took  place.    The  tumours  are  always  found  to  be  encapsuled; 

but  unless  removed  at  a  comparatively  early  stage,  may  have 

spread  too  far  backwards  along  the  nerve  to  admit  of  complete 

removal. 

Tumours  which  extend  to  the  Okbit  fkom 
adjacent  parts. 

ENCEPHALOCELE.-Of  iiuiety-three  cases  of  encephalocele,  the 
records  of  which  have  been  collected  by  Haab,  sixteen  occurred 
in  the  naso-frontal  region.  Some  of  these  did  not  extend  mto  the 
orbit  so  that  encephalocele  in  that  situation  is  certamly  a  very 
rare  occurrence,  although  the  possibility  of  its  existence  should 

be  borne  in  mind.  ^  .-ra    i;  k«„ 

The  diagnosis  could  hardly  be  a  matter  of  difficulty,  Nvheii, 
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as  has  mostly  been  the  case,  the  appearance  presented  is  that  of 
a  fluctuating,  somewhat  transparent,  and  more  or  less  distinctly 
pulsating  tumour  at  the  inner  angle  of  the  orbit,  pressure  on 
which  causes  its  disappearance,  and  at  the  same  time  gives  rise 
to  symptoms  of  cerebral  irritation.    The  history,  too,  of  its  being 
congenital  is  of  diagnostic  importance.    In  some  cases,  however, 
there  have  been  complications  which  have  rendered  the  diagnosis 
difificnlt ;  thus  the  encephalocele  has  beeii  completely  shut  off 
from  the  cranial  cavity  so  as  to  form  a  true  cyst,  or  the  skin 
covering  it  has  been  abnormally  supplied  with  blood-vessels, 
giving  rise  to  the  appearance  of  a  nsevus.    In  such  cases  the 
appearance  of  hydrocephalus,  as  Berlin  suggests,  would  weigh 
in  favour  of  the  growth  being  an  encephalocele,  and  further 
evidence  would  be  afforded  by  the  condition  being  bilateral,  or 
by  the  presence  of  an  undoubted  encephalocele  in  some  other 
situation.     The  large  and  rapidly  growing  tumours  of  this 
nature  soon  prove  fatal,  generally  in  the  first  few  weeks,  so  that 
it  is  only  in  the  case  of  the  smaller  ones,  where  it  becomes 
possible  for  the  patient  to  attain  to  full  growth,  that  there  is 
likely  to  be  any  doubt  as  to  its  nature.     In  any  case  it  is 
probably  safest  to  avoid  interference. 

J^ASAL  Polypi  sometimes  extend  into  the  orbit  and  cause 
displacement  of  the  eye.  I  have  seen  a  case  of  this  nature  along 
with  Mr.  Miller  of  Edinburgh.  More  or  less  complete  blindness 
is  thus  produced  by  pressure.  Sometimes,  as  in  a  case  recorded 
by  Priestley  Smith,  the  pressure  seems  mainly  to  be  exerted  at 
the  optic  foramen,  owing  to  the  erosion  of  the  sphenoid  by  the 
myxomatous  growths. 

Tii^mours  of  the  ethmoid,  sphenoid,  and  antrum  may  spread 
to  the  orbit.  Primary  sphenoidal  tumoiu's  appear  to  be  verv 
rare. 

In  a  case  of  a  woman  of  fifty,  under  Dr.  Affleck's  charge  at  the 
Royal  Infirmary,  in  which  I  had  the  opportunity  of  seeing  both  the 
symptoms  during  hfe  and  the  appearances  on  post-mortem  exammation, 
a  carcinoma  growing  from  the  sphenoid  passed  into  both  orbits,  causing 
first  neuritis  and  atrophy,  and  afterwards  proptosis.  A  mass  of  the 
tumour  was  also  found  to  have  passed  into  the  cranial  cavity,  and  yet 
the  only  marked  symptom  which  was  observed  until  shortly  before 
ueath,  which  took  place  from  meningitis,  was  polyuria.  In  other 
cases  there  has  been  a  similar  absence  of  cerebral  symptoms,  but  moro 
irequently  the  patients  have  been  subject  to  epileptifoim  attacks. 
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Tumours  of  the  Lids  and  Skin  of  the  FACE-epithelioma 
principally-Biay  spread  eventually  into  the  orbit  and  cause 
exophthalmos. 

In  one  case,  .vhich  ^vas  for  several  years  under  my  treatment,  a 
lupus  of  the  face  extended  to  the  eye  and  orbit,  forming  a  mass  on 
the  eye  as  large  as  the  globe  itself.    I  first  removed  the  eye  and  con- 
tents of  the  oAit,  and  scraped  away  with  the  sharp  spoon  and  knife 
the  upus  of  the  kin  of  the  cheek  and  side  of  the  nose.    Two  years 
afterwards  the  patient  returned  with  a  recurrence  of  the  growth  m  the 
0  bTtrantrum,  and  temporal  fossa,  which  I  removed  with  portions  of 
Te  bone  of  the  face,  bit  not  thoroughly,  as  some  months  afterwards, 
havirdecided,  on  consultation  with  Mr.  Annandale  that  the  only 
aInS  was  exdsion  of  the  upper  jaw,  he  perfonned  that  operation 
after  a  preliminary  tracheotomy,  and  very  completely  cleared  away  he 
tumour  from  all  its  apparent  connections,  even  the  body  of  the 
sphenoid.    The  patient,  however,  died  of  pneumonia  some  days  af  ei 
tC  operation,    'in  this'  case,  as  was  suggested  by  Dr.  Ja--o 
saw  it,  and  as  was  confirmed  by  microscopic  examination,  the  lupus 
evidently  had  undergone  carcinomatous  change. 

Aneurism  of  the  Orbit.— Two  very  important  monographs 
on  the  subject  of  aneurism  of  the  orbit  have  appeared  m  recent 
years,  the  first  by  Eivington,  in  the  fifty-eighth  volmne  of  the 
Medico-Chirurgical  Society's  Transactions,  and  the  second  by 
Sattler  in  the  Handbook  of  Ophthalmology,  edited  by  Graefe  and 
Saemisch.  To  these,  and  especially  to  the  latter  I  must  refer 
the  reader  for  a  discussion  of  many  points  of  difficulty  and 
rmcertainty  in  connection  with  the  pathology  and  diagnosis  ot 

this  condition.  , 
Aneurism  of  the  orbit  is  certainly  a  rare  affection,  though 
probably  not  so  rare  as  would  appear  from  the  number  of  cases 
published  up  to  the  time  of  Sattler's  monograph.    Sattler  col- 
lected records  of  one  hundred  and  six  cases  from  the  hterature  ot 
rather  more  than  seventy  years.    Apart  from  the  fact  that  many 
cases  remain  unpublished,  in  this  country  at  all  events-and  ot 
such  I  have  myself  seen  three,  and  heard  of  several  more-the 
attention  which  has  recently  been  drawn  to  the  subject  by  the 
monographs  already  mentioned  has  led  to  the  publication  smce 
their  appearance  of  a  relatively  much  larger  number  of  cases 
Thus,  in  the  six  years  following  Sattler's  work,  1881-8b,  i  tmci 
records  of  twenty-five  cases. 

The  aneurismal  protrusion  of  the  eye  is  usually  on  the  one 
side  alone  but  may  be  bilateral.    Bilateral  aneurism  occurred 
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iu  six  of  the  one  hundred  and  six  cases  collected  by  Sattler, 
and  three  have  since  been  recorded  by  Secondi,  Hoffmann,  and 
!N"eiden  respectively.  They  form,  therefore,  probably  about  seven 
per  cent,  of  all  cases. 

The  symptoms  of  aneurism  of  the  orbit  are — exophthalmos 
with  pulsation  to  be  felt  over  the  eye,  and  a  more  or  less  con- 
tinuous murmur,  which  can  be  heard  over  the  forehead  and  eye. 
On  pressure  over  the  protruded  eye  it  can  to  a  great  extent  be 
replaced,  and  on  relief  of  the  pressure  it  immediately  returns  to 
its  former  position.  The  vessels  of  the  lids  are  greatly  dis- 
tended, and  the  lids  themselves  red.  The  retinal  veins  are 
found  on  ophthalmoscopic  examination  to  be  very  greatly 
dilated,  often  exhibiting  a  marked  pulsation,  while  at  the  same 
time  the  arteries  are  usually  diminished  in  calibre.  There 
may  sometimes,  too,  be  found  an  appearance  exactly  like 
neuritis. 

The  subjective  symptoms  complained  of  are  pain  and  noises 
in  the  head  and  ears.  The  pain  may  be  excessive,  and  is 
generally  most  distressing  at  an  early  stage  of  the  affection. 
The  noises  appear  to  be  much  more  troublesome  in  some  cases 
than  in  others;  they  sometimes  greatly  interfere  with  sleep. 
They  cease,  or  are  much  diminished  in  intensity,  by  compres- 
sion of  the  common  carotid  artery,  which  at  the  same  time 
causes  the  murmur  and  pulsation  over  the  timiour  to  disappear. 
Wlien  the  aneurism,  as  is  usually  the  case,  is  suddenly  formed, 
the  patient  is  conscious  of  a  great  noise,  which  is  sometimes 
described  as  like  the  report  of  a  pistol  or  the  crack  of  a  whip,  in 
the  head. 

Aneurism  of  the  orbit  may  be  either  idiopathic  or  traumatic. 
The  latter  is  caused  mainly  by  severe  injuries  to  the  head, 
which  have  generally  at  the  same  time  produced  fracture  at 
the  base  of  the  skull.  A  few  cases  have  been  the  result  of 
penetrating  wounds  in  the  orbit.  Traumatic  orbital  aneurism  is 
most  common  in  men,  who  are  more  exposed  to  accidents,  than 
women.  Idiopathic  orbital  aneurism  on  the  other  hand,  has 
been  met  with  more  often  in  women  than  in  men.  Sattler's 
statistics  give  over  seventy  per  cent,  in  women,  and  from  thirty 
to  fifty  as  the  most  common  age  for  its  occurrence. 

There  are  a  good  many  different  possible  causes  of  aneurisnial 
proptosis,  and  no  doubt  most  of  these  have  actually  happened. 


422 


DISEASES  OF  THE  ORBIT. 


The  following  have  been  demonstrated  oi\  post-mortem  examina- 
tion :— spontaneous  as  well  as  traumatic  rupture  of  the  internal 
carotid  artery  in  the  cavernous  sinus,  aneurism  of  the  ophthabnic 
artery  in  the  orbit,  and  of  the  same  artery  in  the  cranimn.  The 
first  is  undoubtedly  by  far  the  most  frequent  cause.    The  effect 
of  the  giving  way  of  the  arterial  wall  in  this  position  is  to 
cause  ait  increased  pressure  within  the  sinus,  and  a  consequent 
retardation  of  the  current  in  the  orbital  veins,  and  therefore 
mainly  in  the  ophthabnic  vein.     Pulsation,  however,  as  is 
pointed  out  by  Sattler,  probably  only  begins  when,  after  dilata- 
tion of  the  veins,  the  blood  current  is  reversed  in  them,  so  that 
arterial  blood  courses  through  the  dilated  ophthabnic  vein.  On 
this  account  it  is  generally  found  that  some  considerable  time 
elapses  between  the  occurrence  of  the  lesion  which  has  caused 
the  rupture  and  the  establishment  of  a  pulsating  tumour  in  the 
orbit  with  exophthalmos. 

The  prognosis  of  orbital  aneurism  is  bad  as  far  as  the  \asion 
goes  when  the  case  is  left  to  itself,  but  the  condition  seems 
rarely  to  cause  death.  A  few  cases  have  undergone  a  spontaneous 
cure,  probably  from  thrombosis  which  has  spread  to  the  smus, 
and  has  eventually  even  led  to  a  closure  of  the  apertm-e  m  the 

arterial  walls.  .  .    ,  . 

The  treatment  of  orbital  aneurism  may  be  dmded  into 
medical  and  surgical  treatment.    The  fact  that  several  spon- 
taneous cures  have  taken  place  might  well  encourage  a  trial  of 
such  measures  as  are  Hkely  to  diminish  the  blood  pressure  and 
favour  coagulation,  before  resorting  to  any  more  radical  inter- 
ference with  the  circulation  of  the  parts  affected;  and  indeed 
by  rest,  low  diet,  local  or  general  blood-lettmg,  the  apphcation 
of  ice  compresses  over  the  orbit,  and  the  internal  administration 
of  tincture  of  veratria,  iodide  of  potassium,  &c.,  good  results 
appear  actually  to  have  been  obtained.    Theoretically  it  would 
seem,  however,  very  unlikely  that  such  treatment  would  be 
sufficient,  except  in  some  cases,  probably  for  the  most  part 
idiopathic,  where  an  actual  aneurismal  dilatation  of  the  artery 
at  the  site  of  its  rupture  exists.  There  is  good  reason  to  suppose 
that  such  cases  are  comparatively  rare,  and  as  a  general  rule 
surgical  interference  is  called  for  in  addition  to  medical  treat- 
ment.  Various  methods  calculated  to  lead  to  coagulation  in  the 
vessels  of  the  orbit  have  been  from  time  to  time  tried.  Of 
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these,  the  safest  is  undoubtedly  electrolysis.  This  treatment  is 
not  likely  to  lead  to  sufficient  coagulation  in  the  case  of  the 
common  cause  of  aneurism  of  the  orbit,  viz.,  rupture  of  the 
carotid  in  the  cavernous  sinus,  to  effect  a  firm  closure  of  the 
breach  in  the  arterial  wall  against  an  undiminished  blood  pres- 
sure. 

It  hcis,  however,  been  successful  in  some  cases  of  aneurism,  and 
was  so  in  one  case  which.  Avas  under  Dr.  Argyll  Eobertson's  care  at 
the  Edinburgh  Eoyal  Infirmary,  and  in  which  Dr.  Duncan  operated 
by  electrolysis.  The  aneurism  was  the  result  of  a  penetrating  wound 
of  the  orbit,  and  may  therefore  have  not  unUkely  been  a  spurious 
aneurism  of  the  ophthalmic  artery.  Such  cases,  as  well  as  perhaps 
some  others  of  the  more  common  nature  referred  to,  where  at  the 
same  time  an  aneurismal  sac  has  formed  at  the  seat  of  the  rupture, 
are  the  oidy  ones  likely  to  be  benefited  by  electrolysis  alone,  combined 
with  proper  medical  treatment. 

A  larger  range  of  usefulness  might  be  expected  by  combining 
electrolysis  with  intermittent  or  constant  digital  compi'ession  of 
the  common  carotid  on  the  affected  side.  Compression  alone, 
though  it  has  led  to  a  few  cures,  has  on  the  whole  been  unsuc- 
cessful ;  still  it  should  always  be  given  a  trial  before  resorting 
to  ligature,  and  especially  would  it  be  advisable  to  make  the 
trial  in  conjunction  with  electrolysis.  Ligature  of  the  common 
carotid  has  proved  successful  in  rather  over  sixty  per  cent,  of 
the  recorded  cases  in  which  it  has  been  tried.  The  cure  has 
usually  been  effected  within  six  weeks  after  the  operation, 
though  in  some  instances  it  has  been  delayed  for  a  good  many 
months.  When  it  fails,  the  treatment  should  consist  first  in 
digital  compression,  and  afterwards  ligature  of  the  other  carotid, 
which  has  in  two  cases  at  least  been  successful  In  cases  in 
which  recurrence  takes  place  after  ligature  of  the  carotid,  it  has 
usually  done  so  very  shortly  after  the  operation ;  and,  indeed, 
as  a  rule,  it  is  not  many  hours  after  the  stoppage  of  this  channel 
that  the  pulsation  and  murmur  over  the  tumour  make  their 
appearance,  even  in  the  cases  which  are  eventually  cured  by  the 
ligature.  Some  cases  have,  however,  only  recurred  after  an 
interval  of  several  months. 

Injuries  to  the  Orbit — Bleeding  into  Tenon's  Capsule. — 
A  disagreeable  and  somewhat  alarming  contretemps  occurs 
occasionally  during  the  performance  of  tenotomy  of  the  recti 
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muscles  for  strabismus.    All  at  once  the  eye  is  found  to  begin 
to  protrude,  and  in  a  few  seconds  becomes  rigidly  fixed,  so  that 
if  the  operation  is  not  completed,  it  then  becomes  impossible  to 
complete  it,  and  indeed  the  lids  can  hardly  be  separated.  This 
is  due  to  bleeding  into  Tenon's  capsule.    I  have  observed  it 
altogether  about  a  dozen  times,  both  in  my  own  practice  and 
that  of  others.    Generally,  it  is  owing  to  the  opening  made  in 
the  capsule  being  too  small  for  the  escape  of  blood,  which,  when 
an  unusually  free  bleeding  occurs,  may  take  place  into  the 
capsule,  from  which  it  cannot  be  dislodged  even  if  the  opening 
be  at  once  made,  as  it  rapidly  passes  all  round  the  eye  and 
coagulates.     Often  at  the  same  time  there  has  been  some 
strugghng  on  the  part  of  the  patient,  or  some  difficulty  in 
respiration  when  an  antesthetic  has  been  given,  which  has 
favoured  the  bleeding.    No  doubt  in  the  cases  in  which  it 
occurs  a  somewhat  larger  vessel  than  usual  has  been  cut  across, 
and  it  is  said  by  some  that  this  is  likely  to  happen  if  the  scissors 
be  made  to  cut  too  deeply  and  too  freely  near  the  caruncle.  In 
my  own  experience,  however,  I  have  found  it  just  as  liable  to 
happen  where  the  incision  is  altogether  away  from  the  region  of 
the  caruncle.    No  harm  seems  ever  to  result  from  this  accident 
beyond  a  very  black  eye.    When  it  occurs  the  patient  should 
be  kept  in  bed  for  the  day,  and  ice  compresses  applied  over 
the  eye  for   some  hours  until  the   swelling  becomes  less 
tense. 

Other  cases  of  effusion  of  blood  inside  the  orbit  are  caused 
by  perforating  wounds  or  injuries  to  the  head,  which  have  usually 
at  the  same  time  led  to  fracture  of  some  of  the  bones  of  the 
orbit.  Protrusion  of  the  eye  from  haemorrhage  into  the  tissues 
behind  it  is  a  condition  which  may  generally  be  inferred  to  be 
present  when  the  proptosis  has  taken  place  suddenly  after  a 
severe  blow  on  the  head.  It  is  a  symptom  of  great  gravity,  as 
even  the  few  cases  which  have  been  recorded,  where  there  has 
been  no  fracture  of  the  orbit,  have  ended  fatally,  while  it  is 
almost  a  certain  indication  of  such  a  fracture.  Sometimes, 
indeed,  there  can  be  no  doubt  of  this,  as  the  blood  escapes  by 
the  nose  or  mouth.  That  which  is  caused  by  a  perforating 
wound  is  not  so  serious,  and  generally,  if  it  has  not  caused 
an  aneurism,  becomes  absorbed  in  a  few  weeks.  Besides 
the  exophthahnos  caused  by  the  hemorrhage,  there  is  more 
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or  less  ecchymosis  produced  after  some  time  in  the  con- 
junctiva and  lids,  which  renders  the  diagnosis  of  the  cause  of 
the  protrusion  easy.  It  appears  to  be  doubtful  if  spontaneous 
haemorrhage  into  the  orbit  ever  occurs, — at  all  events  it  is 
extremely  rare. 

Wliere  there  is  a  fracture  of  the  orbit  it  not  infrequently 
happens  that  the  line  of  fracture  passes  through  the  optic 
foramen,  and  thus,  by  laceration  of  the  nerve  or  hemorrhage 
into  its  sheath,  gives  rise  to  sudden  blindness.  Fractures  of  the 
margin  of  the  orbit  alone  have  been  met  with,  but  are  rare 
accidents. 

FoEEiGN  Bodies  in  the  Oebit. — Foreign  bodies  of  different 
sizes  may  become  lodged  in  the  orbit.  Often  this  accident 
happens  without  the  patient  being  aware  that  anything  has 
entered  the  orbit.  For  instance,  it  may  result  from  a  fall  on 
some  sharp  piece  of  wood  or  branch  of  a  tree  which  has  broken 
off  and  remained  embedded  in  the  orbit,  but  not  observed  owing 
to  the  patient  being  at  the  same  time  stunned.  At  other  times 
it  is  caused  by  the  breaking  off  of  a  knife  or  some  other  weapon 
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with  which  the  patient  has  been  accidentally  or  intentionally 
wounded  in  this  situation.  Several  foreign  bodies  even  may  be 
lodged  in  the  orbit,  as  the  resvilt  of  some  explosion. 

Fig.  106  is  a  drawing  of  a  piece  of  a  clay  pipe  stem  which  I 
removed  from  the  orbit  of  a  young  man  some  years  ago.  It  was 
deeply  embedded  in  the  orbit,  where  it  remained  for  ten  days,  without 
causing  an  abscess  or  in  any  Avay  damaging  the  eye.  Curiously  enough 
I  liave  seen  two  other  cases  of  the  same  accident. 

The  possibility  of  a  foreign  body  being  present  should  always 
be  borne  in  mind  in  connection  with  the  treatment  of  cases  of 
penetrating  wounds  of  the  orbit.  An  accident  of  this  nature  is 
not  so  very  uncommon,  and  most  frequently  the  foreign  body  is 
situated  to  the  inner  side  of  the  orbit.  It  causes  exophthalmos, 
the  eye  at  the  same  time  being  displaced  in  accordance  with  the 
position  occupied  by  tlie  foreign  body. 
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The  diagnosis  m^j  be  difficult,  but  can  generally  be  made  by 
careful  probing.  The  treatment  then  consists  in  removing  the 
obstacle,  which  usually,  unless  there  be  others  present  as  well, 
soon  leads  to  healing.  Sometimes  the  injury  causes  death. 
When  this  is  the  case,  it  is  generally  either  owing  to  the  direct 
wounding  of  the  brain,  or  to  haemorrhage. 

Graves'  Disease.— The  main  symptoms  of  this  disease  are— 
(1.)  Eapidity  of  the  heart's  action;  (2.)  Enlargement  of  the 
thyroid;  (3.)  Protrusion  of  the  eyes.  The  association  of  the 
two  last  symptoms  have  led  to  the  name  exophthalmic  goitre, 
which  is  frequently  used  as  synonymous  with  Graves'  disease. 
In  Germany  it  goes  by  the  name  of  Basedotu's  disease,  Basedow 
having  undoubtedly  been  the  first  to  give  a  complete  description 
of  the  characteristic  symptoms,  and  more  especially  to  direct 
attention  to  the  connection  between  the  exophthalmos  and  the 
other  symptoms.  But  the  same  disease  had  been  known 
several  years  before  in  this  country  through  the  teaching  of 
Parry  and  Graves,  who,  however,  did  not  lay  particular  stress 
on  the  exophthalmos,  though  the  latter  at  any  rate  fuUy 
appreciated  the  connection  which  existed  between  the  other 
symptoms.  _  , 

All  these  symptoms  are  not  invariably  met  with  in  Graves 
disease ;  thus  there  may  be  palpitation  and  goitre  alone,  or  with 
hardly  any  appreciable  protrusion  of  the  eye,  or  the  palpitation 
may  exist  along  with  proptosis  alone,  the  thyroid  being  not 
appreciably  enlarged. 

The  increased  rapidity  of  the  heart's  action  is  the  most  con- 
stant and  essential  symptom,  so  that  although  exophthalmos 
from  Graves'  disease  may  exist  without  any  appreciable  cardiac 
acceleration,  the  diagnosis  of  the  true  nature  of  the  protrusion 
of  the  eyeballs  under  such  circumstances  is  difficult  or  altogether 
uncertain.  In  most  cases  the  heart  beats  amount  to  from  100 
to  160  in  the  minute,  but  they  are  sometimes  more  frequent. 
I  have  counted  in  several  cases  over  200  beats  a  minute.  The 
pulsation  is  felt  very  distinctly  over  the  carotids,  which  are 
most  frequently  what  have  been  caUed  "hammering  carotids. 
They,  as  well  as  other  arteries  of  the  head,  are  dilated.  The 
veins'  in  the  neck  are  also  dilated,  and  on  auscultation  over  them 
a  htemic  murmur  can  generally  distinctly  be  heard. 

The  goitre  has  usually  a  soft  elastic  feehng,  and  communi- 
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cates  to  tlie  hand  either  a  very  distinct  pulsation  or  a  thrill 
whicli  is  synchronous  with  the  systole  of  the  heart.  The  en- 
largement varies  very  much  in  different  cases ;  it  is  rarely 
extreme.  Not  infrequently  the  one  lobe  of  the  thyroid,  and 
almost  invariably  the  right,  is  more  enlarged  than  the  other; 
while  in  a  few  cases  the  one  lobe  alone  has  been  found  to  be 
enlarged.  Hughlings  Jackson  found  the  right  lobe  larger  than 
the  left  in  eight  consecutive  cases  which  he  had  seen,  and  in 
which  he  had  paid  attention  to  this  point.  Cases  are  on  record 
where  death  has  occurred  from  dyspnosa,  caused  by  the  pressure 
of  the  enlarged  thyroid  on  the  trachea.  In  other  cases  again  it 
has  been  found  necessary  to  remove  the  isthmus  to  prevent  this 
occurrence. 

The  exophthalmos  is  almost  always  bilateral,  though  not 
infrequently  one  eye  is  protruded  more  than  the  other.  Occa- 
sionally it  is  altogether  confined  to  one  side.  This  I  have  seen 
in  two  cases,  one  of  which  was  a  man  of  fifty,  and  the  other  a 
woman  of  forty.  The  protrusion  of  the  eye  takes  place  directly 
forwards,  and  in  most  cases,  and  always  where  the  disease  has 
not  existed  for  any  great  length  of  time,  the  eyes  may  be  pressed 
back  into  the  orbit  without  much  difficulty,  but  regain  their 
former  position  on  the  relief  of  the  pressure.  A  hsemic  murmur 
may  be  heard  on  auscultation  over  the  eye.  The  degree  of  pro- 
trusion varies  very  much.  In  many  cases  it  goes  on  increasing 
slowly  or  rapidly  for  some  time,  and  then  again  becomes  less  ;  in 
others  it  remains  pretty  much  the  same,  though  subject  to  slight 
differences,  according  to  the  patient's  state  of  health.  It  may 
be  so  excessive  as  to  render  it  impossible  for  the  lids  to  cover 
the  eyes,  or  even  cause  the  eyes  to  become  dislocated  out  of  the 
orbit.  Such  a  degree  of  exophthalmos  is,  however,  very  ex- 
ceptional. 

The  protrusion  does  not  of  itself  cause  any  interference  Avitli  the 
movements  of  the  eye.  In  exceptional  cases  these  movements  are 
impeded  by  complication  witli  paralysis.  Thus  Bristowe  has  recorded 
one  case  where  there  was  at  the  same  time  ophthalmoplegia  externa. 
I  have  seen  with  Dr.  Smart  of  Edinburgh  a  case  complicated  by 
bilateral  abducerus  paresis.  Other  forms  of  paralysis  of  the  ocular 
muscles  have  also  been  met  with  in  Graves'  disease,  a  circumstance 
which  is  interesting  in  connection  with  the  probable  pathology  of  the 
disease. 

The  exophthalmos  of  Graves'  disease  is  in  most  cases  accom- 
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panied  by  a  frightened  staring  appearance,  which  is  very  charac- 
teristic, and  due  to  the  greater  than  normal  retraction  of  the 
upper  hd.    This  invohmtary  widening  of  the  lid  aperture,  caused 
by  the  contraction  of  the  unstriped  muscular  fibres  of  Midler, 
seems  first  to  have  been  described  by  White  Cooper,  but  now 
generally  goes  by  the  name  of  "Stell wag's  sign,"  as  Stellwag 
succeeded  in  directing  general  attention  to  it.    Stellwag  pointed 
out  at  the  same  time  that  in  cases  which  exhibit  this  symptom 
there  is  a  more  or  less  complete  absence  of  involuntary  blinking. 
This  retraction  of  the  upper  lid  is  not  met  with  in  other  forms 
of  exophthalmos,  and  is  therefore  a  point  of  diagnostic  import- 
ance in  the  cases  where  exophthalmos  is  confined  to  one  side, 
or  not  accompanied  in  a  marked  degree  by  the  other  symptoms 
characteristic  of  Graves'  disease.    It  frequently  exists  at  a  time 
when  there  is  little  or  no  protrusion  of  the  eyes,  and  calls 
attention  to  the  condition  of  the  circulation  and  th^Toid.  An 
appearance  very  similar  to  Stellwag's  sign  is  produced  by  cocaine 
dropped  into  the  eye. 

A  much  more  important,  though,  so  far  as  my  experience 
goes,  less  frequent  symptom,  is  that  which  is  called  "  Graefe's 
sign."  This  consists  in  the  loss  of  association  of  the  movements  ^ 
of  the  upper  lid  with  the  eye.  Thus,  when  the  eye  is  directed  . 
downwards,  the  upper  lid  either  does  not  follow  it  at  all,  or  more 
frequently  moves  along  with  it  for  a  certain  distance  and  then 
remains  stationary.  Graefe's  sign  is  also  highly  characteristic 
of  Graves'  disease,  and  is  not  found  at  all,  or  only  extremely 
rarely,  under  other  circumstances.  It  may  be  seen  just  as 
the  retraction  of  the  margin  of  the  upper  lid,  before  proptosis 
takes  place,  or  may  occasionally  first  make  its  appearance 
later.  It  may  also  not  be  present  during  the  whole  course 
of  the  disease,  but  disappear  after  having  existed  for  some 
time.  It  is  absent  in  some  cases  in  which  Stellwag's  sign  is 
well-marked. 

Notwithstanding  the  presence  of  these  characteristic  symp- 
toms which  have  just  been  described,  there  is  no  defect  in  the 
closing  of  the  lids,  the  voluntary  movements  of  which  are 
retained  just  as  in  health,  so  that  it  is  only  when  the  pro- 
ptosis has  become  very  excessive  that  the  eyes  cannot  be 
properly  covered.  In  such  cases,  and  even  it  would  appear  in 
some  cases  in  which  the  lids  can  stni  be  made  to  afford  a 
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sufficient  covering,  a  kind  of  neuro-paralytic  keratitis  takes 
place,  which  is  extremely  likely  to  cause  destruction  of  the 
cornea.  In  this  way,  but  apparently  only  in  this  way,  is 
the  sight  endangered  by  the  disease ;  but  such  cases  are  also 
the  ones  in  which  the  prognosis  is  serious  for  the  life  of  the 
patient  as  well. 

Besides  the  main  symptoms  of  G-raves'  disease,  which  have 
now  been  described,  there  are  other  more  or  less  constant  ones. 
One,  which  in  women  at  all  events  is  often  most  marked,  is  an 
excessive  degree  of  nervousness.  The  patient  is  easily  startled 
and  frightened,  and  very  readily  blushes  or  is  subject  to  attacks 
of  perspiration.  In  some  of  the  worst  cases  rapid  emaciation 
also  takes  place.  More  or  less  anaemia  is  generally  present  at 
the  same  time,  and  this  may  in  women  be  accompanied  by 
menstrual  disturbance,  but  I  have  seen  several  cases  in  women 
who  were  not  only  florid,  but  appeared  to  be  in  every  way  in 
excellent  health.  Some  dilatation  and  even  pulsation  of  the 
retinal  arteries  is  found  in  some  cases,  though  in  my  own 
experience  pulsation  at  any  rate  is  much  less  frequent  than 
is  assumed  by  some  writers  on  this  subject,  and  than  might 
perhaps  be  expected  from  the  evident  want  of  tone  in  the 
arteries  of  the  head  and  the  excited  state  of  the  heart's  action. 
Hill  Griffith,  who  specially  looked  for  pulsation,  in  thirty-two 
cases  did  not  meet  with  it  once.  A  certain  degree  of  antesthesia 
of  the  cornea  is  to  be  found  in  some  cases,  and  in  such  there  is 
probably  a  greater  danger  of  ulceration  than  in  others.  This 
symptom  therefore  deserves  special  attention. 

Graves'  disease  is  very  much  more  frequent  in  women  than 
in  men.  I  find  from  a  comparison  of  the  different  statistics  on 
this  point  that  quite  eighty-five  per  cent,  of  aU  cases  occur  in 
women.  Possibly,  indeed,  the  percentage  may  be  higher,  as 
the  cases  in  men  are  perhaps  more  Likely  to  come  under  the 
observation  of  the  specialist,  both  on  account  of  their  rarity  and 
from  the  fact  that  the  disease  appears  to  be  more  severe  in  them 
than  in  women.  More  than  half  of  the  cases  in  women  occur 
between  the  age  of  puberty  and  thirty,  a  very  few  before 
puberty  or  after  the  climacteric  period.  In  men,  althougli 
cases  are  also  met  with  in  young  individuals,  the  average  age 
for  the  disease  to  make  its  appearance  is  between  thirtv  and 
fifty.  ^ 
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The  course  of  the  disease  is  usually  very  chronic.  It  ma\' 
last  for  years  in  much  the  same  condition,  or  occasionally  under- 
go an  improvement  in  one  or  more  of  its  symptoms.  After 
continuing  in  this  way  for  some  tune,  the  symptoms  gi-adually 
in  great  measure  subside,  though  frequently  some  enlargement 
of  the  thyroid  and  often  a  not  inconsiderable  degree  of  exoph- 
thalmos permanently  remain.  Again,  a  number  of  cases  never 
completely  recover. 

On  this  point  I  may  quote  the  opinion  of  Bristowe,  that  in  many 
cases  "the  proptosis  and  goitre  suhside  in  a  greater  or  less  degree,  and 
the  palpitation  diminishes ;  while,  nevertheless,  the  patient  remanis 
delicate,  and  with  the  liability  to  suffer  under  excitement  or  accidental 
ill  health  from  more  or  less  severe  recurrence  of  palpitation  and  other 
symptoms  which  attend  exophthalmos."  In  a  not  very  large  proportion 
of  cases  death  takes  nlace,  either  from  exliaustion  or  orgamc  heart 
disease ;  rarely,  as  has^een  said,  from  dyspnoea,  owmg  to  the  pressure 
of  the  enlarged  thyroid  on  the  trachea.  Practical  recovery,  however, 
is  the  most  frequent  result.  Thus  HuUce,  m  opening  the  discussion 
on  this  subject  at  the  Ophthalmological  Society,  remarked— "It  is 
the  most  definite  and  striking  example  which  Ave  can  find  of  a  severe 
and  protracted  malady  which,  despite  its  severity  and  persistence,  has 
yet  a  natural  tendency  to  recover.  If  the  patient  can  survive  a  certain 
time,  apparently  the  recovery  is  a  matter  of  course.  We  have  no 
cases  which  are  indefinitely  progressive." 

Graves'  disease  seems  to  occur  Avith  pretty  equal  frequency  amongst 
the  white  races  all  over  the  world.  Little  seems  to  be  known  as  to 
its  occurrence  in  coloured  races.  Dr.  Brockman  of  Madras  says— "It 
is  remarkable  that  although  goitre  is  met  Avith  in  India  m  great 
numbers,  I  have  never  met  with  a  case  of  exophthalmic  goitre  among 
the  natives  during  my  fifteen  years'  practice  in  diseases  of  the  eye. 

The  frequency  of  the  disease  in  women,  and  its  occurrence 
mainly  during  the  child-bearing  period  of  life,  has  led  many  to 
believe  that  Graves'  disease  is  intimately  connected  Avith  affec- 
tions of  the  reproductive  organs.  The  occasional  occurrence  of 
the  disease  in  women  at  other  times  of  life,  as  well  as  in  men, 
and  the  absence  frequently  of  any  menstrual  disturbance, 
would,  on  the  other  hand,  point  to  such  a  connection  not  being 
very  intimate.  In  these  cases,  too,  in  Avhich  derangements  of 
menstruation  are  observed,  they  may  weU  be  ascribed  to  the 
condition  of  antemia,  which  is  so  frequently  present  in  tins 
disease.  Unmarried  women  seem  to  be  more  subject  to  the 
■disease  than  married,  and  the  pregnant  condition  is  supposed 
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by  many  to  exert  a  favoiirable  influence  on  it.  In  one  case 
which  I  know  of,  tlie  exophthahnos  and  the  symptoms  of 
Graves'  disease  were  very  marked  during  ten  years  in  the  case 
of  a  married  woman  who  had  had  several  children,  but  greatly 
improved  when  after  that  interval  of  time  she  again  became 
pregnant.  Such  cases,  however,  seem  rather  to  point  to  the 
pregnancy  as  well  as  the  disappearance  of  the  disease  occurring 
both  as  tlie  result  of  an  improvement  in  general  health,  rather 
than  to  any  direct  favourable  influence  of  the  one  condition 
over  the  other.  And,  indeed,  cases  are  on  record  where  the 
disease  has  become  markedly  worse  during  pregnancy,  just  as 
that  state  is  one  not  always  associated  with  good  general  health. 
Begbie  considered  albuminuria  to  be  frequently  connected  with 
Graves'  disease,  but  this  has  not  been  confirmed,  the  cases  where 
this  connection  exists  being  decidedly  uncommon.  Lately, 
another  affection — viz.,  acute  rheumatism — has  been  mentioned 
by  West  as  a  frequently  associated  one.  A  history  of  rheumatic 
fever  was  got  in  eight  cases  out  of  thirty-eight  recorded  by 
"West,  which  certainly  does  not  appear  to  be  a  very  large  pro- 
portion, considering  the  very  great  frequency  of  rheumatism, 
and  the  fact  that  exophthalmic  goitre  mostly  affects  individuals 
who  are  delicate  in  some  way  or  other.  Finally,  a  few  cases  of 
bronzing  of  the  skin  have  been  observed  in  the  same  connection. 
Apart  though  from  more  or  less  marked  forms  of  nervousness  or 
nervous  affections,  there  cannot  truly  be  said  to  be  any  disease 
very  closely  associated  with  it. 

The  patlwlogy  of  Graves'  disease  is  still  very  obscure.  Post- 
mortem examination  in  cases  which  have  ended  fatally  has  done  very 
little  to  clear  up  the  difiiculty.  Some  change  in  the  orbital  fat- 
hypertrophy,  enlargement  of  the  vessels,  &c.— has  generally  been 
foimd.  There  can  be  no  doubt  that  both  the  enlargement  of  the 
thyroid  and  the  exophthalmos  are  originally  due  to  engorgement  of 
vessels,  and  it  is  not  unlikely  again  that  after  long  continuance  of  the 
process_  some  hypertrophy  of  the  tissues  may  take  place.  Still,  the 
protrusion  of  the  eye  is  mainly  a  vascular  one.  Changes  have 'been 
described  in  the  sympathetic  trunk  in  the  neck  or  in  its  sheath,  but 
these  have  apparently  been  more  fancied  than  real,  and  at  all  events 
have  not  received  very  general  confirmation.  Cheadle  found  conges- 
tion of  the  pons  and  medulla  in  several  cases,  and  ITughlings  Jackson 
has  recently  recommended  a  careful  microscopic  examination  of  these 
parts  of  the  brain  in  all  cases  where  a  post-mortem  examination  is 
obtamed.    The  hypothesis  of  a  disease  of  the  sympathetic  bein"  at 
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the  root  of  the  symptoms  received  the  support  of  Begbie  and  Trous- 
seau amongst  others,  and  more  recently  of  Eulenburg,  Guttmann,  and 
other  authorities.    Besides,  however,  the  absence  of  any  demonstra- 
tion of  this  connection  from  the  pathological  side,  there  are  many 
considerations  which  render  it  improbable.    In  the  first  place,  whilst 
some  of  the  symptoms  might  well  be  taken  as  evidences  of  paralysLs  of 
sympathetic  fibres,  there  are  others  which  could  only  be  referred  to 
irritation  of  these  fibres.    It  is  unlikely,  however,  that  such  an  irrita- 
tion should  exist  for  such  a  long  time  as  would  have  to  be  inferred 
from  the  protracted  nature  of  these  symptoms.    The  absence  of  dilata- 
tion of  the  pupils  is  also  very  much  against  the  correctness  of  such 
an  assumption.    Another,  too,  to  which  attention  has  mainly  been 
drawn  by  Sattler  is  that  neither  the  goitre  nor  the  exophthalmos, 
which  are  such  prominent  symptoms  in  the  disease,  can  be  explained 
by  a  paralysis  of  the  vasomotor  nerves  in  the  sympathetic.    He  says 
 u  It  has  not  been  experimentally  shown  that  section  of  the  sym- 
pathetic has  given  rise  to  goitre  or  exophthabnos,  nor  are  there  any 
clinical  facts  on  record  where  a  true  paralysis  of  the  sympathetic, 
though  it  has  produced  distinct  vasculo-thermal  changes,  has  been 
foUowed  by  either  of  these  symptoms."    Sattler  considers,  therefore, 
that  the  symptoms  point  rather  to  "a  circumscribed  lesion  in  the 
vasomotor  centre,  or  in  some  portion  of  the  brain  which  is  situated 
even  more  centrally,  which  directly  governs  the  vessels  to  both  the 
thyroid  and  orbital  tissues."    The  acceleration  of  the  heart's  action 
is  satisfactorily  explained  on  the  assumption  of  a  lesion  at  the  vagus 
centre  which  in  this  way  interferes  with  its  inliibitory  action.  The 
frequent  greater  enlargement  of  the  right  lobe  of  the  thyroid  would 
appear  also  to  support  this  view,  as  the  right  vagus  has  been  shown 
in  some  animals  to  be  more  strongly  inhibitory  in  its  action  on  the 

heart  than  the  left.  •>t  +i 

There  are  many  other  circumstances  in  connection  with  tne 
disease  which  point  too,  directly,  to  a  central  pathology,  and  of  these 
perhaps  none  more  strongly  than  Graefe's  sign.    It  must  be  remem- 
bered that  this,  though  often  associated  with  retraction  of  the  upper 
lid  is  not  always  so,  and  in  any  case  the  action  of  the  little  muscle 
which  brings  about  that  retraction  can  hardly  be  strong  enough  to 
counteract  that  of  the  orbicularis.    The  symptom  is  therefore,  m  all 
probabHity,  as  Sattler  has  pointed  out,  an  evidence  of  some  central 
interference  with  the  co-ordinated  action  of  the  lid  and  muscles  of 
the  eye     In  some  cases  more  striking  instances  of  such  detects  ol 
co-ordinated  movements  have  been  met  with.    Bristowe  and  others, 
for  instance,  have  seen  cases  where  there  has  been  ophthalmoplegia 
externa.    Altogether,  then,  while  the  pathology  still  remains  obscure, 
there  is  very  good  reason  to  assume  that  the  cause  of  Graves  disease 
wUl  be  found  in  some  central  lesion.    Whether  that  lesion  though 
probably  occupying  mainly  the  same  site,  is  always  of  the  same 
nature,  or  whether  it  differs  in  the  curable  and  shght  cases  from  that 
which  gives  rise  to  the  severe  and  more  permanent  ones,  is  a  pomt 
in  connection  with  which,  in  the  absence  of  any  definite  proof  of  its 
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existence  at  all,  it  would  be  useless  to  conjecture.  There  are  many- 
points  in  connection  with  Graves'  disease,  too,  which  suggest  a  not 
very  distant  relationship  to  hysteria. 

Treatment. — There  is  certainly  nothing  which  can  be  -said  to 
approach  the  nature  of  a  specific  remedy  for  Graves'  disease. 
Many  things  have  been  tried :  iron,  iodine,  belladonna,  veratria, 
bromide  of  potassium,  and  other  drugs  ;  but  though  all  have  had 
their  special  advocates,  their  direct  beneficial  effects  on  the 
disease  cannot  be  regarded  as  more  than  doubtful.  Veratria, 
which  by  some  has  been  looked  upon  almost  as  a  specific,  I 
have  found  absolutely  without  effect ;  it  does  not  even,  in  my 
experience,  greatly  diminish  the  rapidity  of  the  heart's  action. 
The  most  important  indications  for  treatment  are — freedom 
from  excitement  and  worry,  and  change  of  air.    If  drugs  are 
used  at  all,  iron  and  bromides  are  perhaps  the  best ;  iodine,  too, 
may  be  used  as  an  external  application  to  the  goitre.    A  few 
cases  have  been  apparently  improved  by  removal  of  the  goitre, 
but  except  where  it  endangers  life  by  pressure  on  the  trachea,' 
such  treatment  would  not  be  justifiable.    Eecently  Hack  claims 
to  have  cured  a  case  by  cauterising  the  middle  and  inferior 
turbinated  bodies  with  the  galvano-cautery,  and  argues  from 
this  effect — which,  however,  has  not  yet  been  confirmed  by  others 
—that  the  swelHng  of  the  retrobulbar  fat,  which  gives  rise  to 
exophthalmos,  is  in  reality  a  neurosis  proceeding  from  the 
irritation  of  the  nose.    In  cases  where  the  protrusion  of  the  eye 
is  excessive,  von  Graefe  recommended  tarsoraphia,  or  a  shorten- 
ing of  the  Hd  aperture.    The  operation  is  certainly  useful,  but 
where  ulceration  of  the  cornea  has  already  begun  it  is  better  to 
bring  the  lids  more  completely  over  the  cornea,  either  by  paring 
their  edges  for  about  two-thirds  of  their  extent  in  the  middle^ 
and  causing  them  to  grow  together  by  uniting  them  with 
sutures,  or,  what  does  equally  well,  merely  keeping  them  closed 
by  loops  of  horse-hair  in  the  manner  described  in  the  chapter 
on  Operations. 

ENOPHTHALMOS,  or  the  sinking  back  of  the  eyeballs  into  the 
orbit,  exists  as  a  consequence  of  the  disappearance  of  the  orbital 
fat  in  very  old  people.  It  is  also  met  with  in  some  cases  where 
there  has  been  fracture  of  the  bones  of  the  orbit.  It  has 
occasionally  been  observed,  too,  apparently  as  a  rare  vaso- 
28 
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motor  affection,  but  little  is  known  of  the  pathology  of  this 
f  oimi 

Shrinking  of  the  Orbit  occurs  sometimes  when  the  eye- 
ball has  been  removed  in  early  childhood.  The  diminution 
takes  place  mainly,  if  not  entirely,  by  approxnnation  of  the 
roof  and  floor  of  the  orbit,  while  the  sides  retam  their  normal 
dimensions. 


CHAPTEE  XIV. 


AMBLYOPIA,  AMAUEOSIS,  AND  OTPIER  ANOMALIES 

OF  VISION. 

In  this  chapter  are  discussed  various  alterations  of  vision  which 
are  not  accompanied  by  any  very  definite  objective  signs.  For 
instance,  we  often  meet  with  cases  of  either  complete  blindness 
(amaurosis),  or  more  or  less  defective  vision  (ambhjopia),  which 
do  not  arise  from  any  lesion  of  any  part  of  the  eye  itself. 
Possibly  in  some  cases  there  may  be  pathological  changes  in 
the  eye,  but  of  a  nature  which  the  means  of  examination  at 
our  disposal  does  not  enable  us  to  detect  with  certainty. 

The  diagnosis  of  the  cause  of  an  amblyopia  or  amaurosis  is 
often  difficult  enough.  A  careful  study  must  be  made  of  the 
subjective  symptoms  so  far  as  they  can  be  elicited.  To  some 
extent  too,  we  are  guided  by  the  other  co-existing  conditions, 
as  well  as  by  our  experience  of  physiology  and  of  post-mortem 
examination. 

In  some  cases  the  colour  vision  may  be  defective  in 
others  a  particular  portion  of  the  field  of  vision  may  be  'lost 
or  be  functionally  inactive.  In  others,  again,  the  light  sense 
may  be  abnormal.  Under  this  category  come  cases  of  night 
bhndness,  m  which  the  visual  acuity  may  be  normal  in  day- 
ight,  but  defective  so  soon  as  the  illumination  of  objects 
looked  at  is  reduced  beyond  a  certain  degree. 

A  purely  subjective  sensation  of  light  (photopsia)  or  of  colour 
ichromatopsia)  maybe  complained  of  from  different  causes ;  or 
black  spots,  the  so-called  muscce  volitantes,  may  be  seen  floatino- 
more  or  less  constantly,  in  front  of  the  eyes.  ^' 

Under  the  heading  of  amaurosis  and  amblyopia  used  to  be 
included  many  affections,  the  causes  of  which  are  now  apparent 
«ince  the  invention  of  the  ophthalmoscope  has  rendered  it 
possible  to  make  a  complete  examination  of  all  parts  of  the 
eye.    buch  cases  are  described  under  the  diseases  wliich  are 
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now  known  to  came  the  blindness,  and  are  not  referred  to 

CONOBSITAL  AMBLYOPIA-Defeotive  vision,  when  <=ongenital 
or  oridnating  early  in  life,  often  eseapes  observation,  nnless  th 
de  °r  f  s  considerable,  nntil  the  difReulties  experienced  at  schoo 
attmot  attention.    The  higher  degrees  of  amblyopia  are  mostly 
as!„dated  with  nystagmus.    It  is  by  no  means  an  uncommon 
th  nHo  find  very  considerable  amblyopia  and  nystagmus  with- 
out any  marked  objective  cause,  either  in  the  dioptric  or  per- 
c  pient  parts  of  the  eye.    In  such  cases  there  is  usually  a 
Ms tory  of  early  severe  inflammation  of  the  cornea,  followed 
by  dense  opacities,  which  have  slowly  cleared  away,  leaving 
liUleorno  trace;  or  of  some  cerebral  affection,  which  has  m- 
tcrfered.  more  or  less  completely,  with  the  visual  centres,  and 
which  has  been  followed  by  only  partial  recovery.    In  both 
Tases  the  conditions  have  been  unfavourable  to  the  acquiremen 
of  that  superiority  of  the  vision  of  the  centres  of  the  retina,  oi 
vt  eenLles.  over  the  other  parts,  which  characterises  more 
normal  vision,  and  admits  of  the  usual  steadiness  of  flxat  on 

Congenitai  amblyopia,  ranging  from  the  slightest  defects  o 
vision  to  that  where  the  acuity  is  hut  one-tenth  or  less  of  the 
noZl,  and  unaccompanied  by  nystagmus,  is  very   re<li»nt  y 
met  with  without  there  being  any  objective  sign  o;-  J^^'^^ 
to  account  for  it.    Frequently,  too.  the  degree  of  amblyopia 
where  there  is  some  defect  is  much  greater  than  can  be 
recounted  for  by  the  defect  alone.   When  amblyopia  is  present 
only  in  one  eye,  it  is  still  more  likely  to  pass  unobserved 
luL    as  is  frequently  the  ease,  it  gives  rise  ^trabismus 
owino  to  the  existence  of  other  predisposing  causes.    Often  a 
iSeral  congenital  amblyopia  is  only  -iden'al  y  discovc  cd 
late  in  life,  when  anything,  some  trifling  aecident  to  the  eje. 
it  may  be,  has  drawn  the  individual's  attention  to  it 

Simulated  AMBLVOPU.-Amblyopia  ,s  sometimes  ^mulat  i 
In  this  country  it  is  rare,  comparatively  speaking,  '^^^ 
thi..  and  the  deception  is  not  so  well  "^^"1,11  countrlt 
there  is  much  difficulty  in  detectmg  it.  ;  In  "^f  ' 
where  there  is  a  compulsory  military  service,  simulated  partial 
or  complete  blindness  is  very  common.  „„iiateral 
There  may  be  a  simulation  of  either  bilateral  oi  un.  ateial 
detect  of  sight.    The  latter  is  by  tar  the  more  common,  and 
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fortunately,  too,  it  is  the  more  easily  detected.  It  is  mostly 
an  amblyopia,  and  not  a  complete  blindness,  of  the  one  eye 
which  is  feigned,  so  that  the  diagnosis  may  not  be  at  all  easy. 
"When  bilateral  amblyopia  is  simulated,  a  little  ordinary  care  on 
the  part  of  the  individual  is  all  that  is  required  to  make  it  almost 
impossible  for  one  to  detect  it  with  certainty.  Yet  it  is  strange 
how  often  some  inconsistency  between  the  admitted  acuity  of 
vision  found  on  examination  for  distance  and  for  near,  or  in 
connection  with  the  glasses  which  are  admitted  to  effect  some 
improvement  in  vision,  affords  a  clue  to  the  character  of  the 
amblyopia.  I  have,  for  instance,  repeatedly,  and  more  especi- 
ally in  young  girls,  obtained  very  considerable  improvement  of 
vision  by  the  use  of  a  convex  and  concave  glass,  which  exactly 
neutralised  each  other.  It  requires  on  the  other  hand  a  very 
great  amount  of  care,  and  considerable  knowledge  of  the  subject, 
to  simulate  well  monocular  amblyopia.  The  certainty  of  the 
diagnosis  depends  pretty  much,  too,  on  the  degree  of  the  pre- 
tended bKndness. 

A  great  number  of  tests  have  been  devised  for  the  detec- 
tion of  this  kind  of  deception,  all  of  which  it  is  probably  pos- 
sible to  elude.    An  easily  appHed  test  is  that  which  can  be 
made  with  Snellen's  coloured  letters.   These  are  transparent  red 
and  green  letters  of  different  sizes.    The  patient  is  first  made  to 
read  them  out  without  anything  before  his  eyes.    A  pair  of 
reversible  spectacles,  one  eye  of  which  is  of  green  glass,  and  the 
other  of  red,  is  then  put  rapidly  upon  his  nose,  care  being  taken 
that  the  eyes  are  all  the  time  kept  open.    As  the  green  glass 
entirely  excludes  all  the  rays  from  the  red  letters,  and  the  red 
all  the  rays  from  the  green,  some  of  the  letters  are  visible  only  to 
the  one  eye,  and  others  only  to  the  other.    Any  mistake  made 
in  the  reading  of  the  letters  is  in  this  way  easily  detected.  The 
slightest  blinking  of  one  eye  is  sufficient  to  show  one  with  which 
eye  each  particular  letter  is  seen,  so  that  with  care  it  is  possible 
for  a  clever  deceiver  to  avoid  falling  into  this  trap,  although  the 
manner  in  which  the  individual  behaves  may  be  generally  suffi- ' 
cient  to  arouse  or  confirm  one's  suspicions.   Another  simple  test 
in  cases  where  complete  or  almost  complete  blindness  of  one 
eye  is  simulated  consists  in  holding  a  prism  with  its  base  directed 
upwards  or  downwards  in  front  of  the  good  eye.    If  this  pro- 
duces diplopia,  there  is  evidently  vision  in  both  eyes ;  but  the 
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object  of  this  test  again  is  of  course  easily  defeated  by  any  one 
denying  tliat  he  sees  double.    An  important  modification  of  the 
test  is  made  by  Alfred  Graefe.    The  individual  tested  is  made 
to  shut  the  blind  eye,  and  the  prism  is  held  in  front  of  the 
good  one,  in  such  a  position  that  some  of  the  rays  pass  into  the 
pupil  through  the  prism  and  some  directly.    This  causes  mono- 
cular diplopia.    The  patient,  thus  thrown  off  his  guard,  often 
admits  that  he  still  sees  double  when  the  blind  eye  is  uncovered, 
and  the  position  of  the  prism  altered  to  the  shght  extent  required 
to  intercept  all  the  rays  passing  into  the  pupil  of  the  seeing  eye, 
imder  which  circumstances  the  diplopia  is  of  course  binocular,  and 
its  continuance  is  a  proof  of  vision  in  the  eye  said  to  be  blind. 
A  o-ood  plan  in  cases  of  sunulated  monocular  amblyopia,  and 
one"  which  at  the  same  time  affords  some  test  of  the  degree  of 
visual  acuteness  in  the  eye  said  to  be  defective,  is  to  cause  the 
patient  to  read  through  a  strong  convex  lens  (  +  5.0  or +6.0, 
if  it  be  emmetropic),  and  then  by  slowly  withdrawing  the  prmt 
beyond  the  point  at  which  it  can  be  distinctly  read  through  the 
lens.    If  under  these  circumstances  the  patient  still  continues 
to  read  he  must  be  doing  so  with  the  eye  which  he  asserts  to 
be  amblyopic.    Von  Graefe's  test  of  placing  a  prism,  with  its 
base  directed  inwards  or  outwards,  in  front  of  the  seeing  eye, 
and  observing  whether  a  lateral  movement  of  the  eye  is  thereby 
induced,  is  perhaps  the  best  test  for  simulated  amaurosis  of  one 
eye,  because  where  binocular  vision  exists  such  a  movement 
almost  always  takes  place  involuntarily  owing  to  the  uncon- 
scious desire  for  the  fusion  of  the  two  images. 

Amblyopia  and  Amaueosis  due  to  changes  at  the  Visual 
Centkes,  &c.  — a  good  number  of  cases  of  amblyopia  and 
amaurosis  occur  more  or  less  suddenly,  and  unaccompanied,  for 
the  time  at  least,  by  any  ophthalmoscopic  changes.  In  such 
cases  the  diagnosis  has  to  be  made  from  a  consideration  of  the 
history.  When  the  blindness  comes  on  in  the  course  of  a  severe 
illness,  or  during  the  period  of  convalescence— for  instance,  in 
scarlet  fever,  iDuerperal  albuminuria,  &c.— the  cause  is  more 
often  urEemic,  and  the  prognosis  favourable,  more  especially  if 
the  pupils  continue  to  respond  to  light. 

Amblyopia  or  amaurosis  occurring  after  severe  hajmorrhage 
is  very  unlikely  to  be  recovered  from,  and  is  generally  followed 
some  time  after  by  optic  atrophy. 
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The  prognosis  is  even  worse  in  cases  of  unilateral  amaurosis 
after  a  severe  fall  on  the  head.  These  cases  are  of  pretty 
frequent  occurrence,  and  are  probably  almost  invariably  due  to 
laceration  of  the  optic  nerve,  or  hcemorrhage  into  the  sheath  of 
the  nerve,  owing  to  fracture  of  the  roof  of  the  orbit,  the  line  of 
which  fracture  usually  passes  through  the  optic  foramen.  The 
atrophy  to  which  this  lesion  gives  rise  is  not  visible  ophthal- 
moscopically  until  after  some  time. 

The  blindness  which  one  meets  with  in  young  children  after 
severe  cerebral  symptoms  is  often  unaccompanied  by  ophthal- 
moscopic changes,  and  is  due  no  doubt  to  interference  with  the 
functions  of  the  visual  centres.  It  is  often  partially  recovered 
from,  but  even  in  cases  where  the  pupils  remain  active  I  have 
seen  permanent  blindness  remain. 

The  rare  cases  of  blindness  from  lightning  do  not  seem  to 
have  received  a  proper  explanation  as  yet.  Only  one  case  of 
this  nature  has  come  under  my  own  observation,  and  that  after 
complete  recovery.  In  this  case,  which  was  kindly  brought  to 
my  notice  by  Dr.  Burn  Murdoch  of  Edinburgh,  there  appears  to 
have  been  complete  amaurosis,  lasting  for  six  weeks,  with  ptosis. 
On  the  whole,  judging  from  the  recorded  cases,  the  prognosis 
seems  favourable. 

In  cases  of  lead  poisoning  very  considerable  blindness  is 
sometimes  produced.  I  have  seen  the  blindness  so  great  that 
there  has  been  doubtful  perception  of  light,  and  yet  recovery 
take  place.  Some  of  the  symptoms  in  these  cases,  more  especially 
with  respect  to  colour  vision,  are  often  very  similar  to  what  is 
met  with  in  hysterical  amblyopia.  As  in  that  form  of  amblyopia, 
too,  there  seem  to  be  considerable  differences  in  the  nature  of 
the  visual  defect,  and  also  a  good  deal  of  inconstancy  about  the 
symptoms  of  any  particular  case.  Amaurosis  from  lead  poison- 
ing, when  unaccompanied  by  ophthalmoscopic  changes,  appears 
most  frequently  to  be  transient.  It  is  one  of  the  rarest  symptoms 
of  lead  poisoning,  and  although  different  explanations  have  been 
offered  the  true  nature  of  the  blindness  is  unknown.  Most 
probably  the  view  recently  put  forward  by  Glinsberg  is  the 
correct  one.  According  to  this  view  the  amaurosis  is  not  a 
direct  effect  of  the  lead  on  the  brain,  but  is  due  to  a  co-existing 
uraemia. 

Centeal  Toxic  Amblyopia. — The  symptoms  of  this  rather 
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common  affection  are— gradual  failure  of  sight  to  much  the 
same  extent  in  both  eyes;  absence  of  any  restriction  of  the 
field  of  vision,  or  indeed  of  any  interference  with  the  functions 
of  the  peripheral  portions  of  the  retina ;  and  the  existence  of  an 
oval  scotoma,  most  marked  for  colours,  extending  from  the  point 
of  fixation,  which  it  involves,  to  the  blind  spot#  Most  of  such 
cases  are  met  with  in  men  after  the  age  of  forty.  Occasionally 
younger  men  are  affected ;  the  youngest  undoubted  case  I  have 
seen  was  twenty.  This  form  of  amblyopia  is  very  rare  in 
women,  though  not  quite  so  rare  as  was  at  one  time  supposed. 

Those  who  suffer  from  it  are  almost  invariably  smokers; 
and  generally  they  have  smoked  for  many  years  before  be- 
coming affected.    It  is  very  doubtful  if  alcohol  has  anything 
to  do  with  it,  though  this  is  maintained  by  some.  Certainly 
one  not  infrequently  finds  that  those  affected  not  only  smoke, 
but  also  drink  to  excess;  yet  the  same  symptoms  are  never 
observed  to  follow  the  excessive  use  of  alcohol  alone,  though 
they  are  very  frequently  met  with  in  smokers  who  abstain  com- 
pletely from  alcohol  in  any  form.    As  a  rule,  when  the  affection 
begins,  no  change  has  been  made  recently  in  the  amount 
smoked,  and  this  circumstance  accounts  for  its  being  compara- 
tively rare  to  find  that  patients  suspect  the  cause  of  theii- 
amblyopia.    Indeed,  they  not  infrequently  begin  to  smoke  more 
after  their  sight  has  begun  to  fail,  on  account  of  the  worry  that 
this  causes.    Very  often  smoking  is  indulged  in  on  an  empty 
stomach,  the  first  thing  in  the  morning  or  very  late  at  night,  or, 
in  the  case  of  bad  sleepers,  durmg  the  night.    It  is  owing  to 
this  circumstance,  probably  more  than  to  the  difference  in  the 
kind  of  tobacco  smoked,  that  tobacco  amblyopia  is  more  common 
in  the  working  than  in  the  educated  classes.    Many  men  have 
to  rise  early  and  work  several  hours  before  partaking  of  a 
substantial  meal,  but  nevertheless  smoke  during  this  time. 

The  fact  of  the  toxic  effect  of  the  tobacco  getting  at  some 
particular  time  the  upper  hand,  although  individuals  have 
smoked  as  much  and  often  more  at  other  times,  and  continu- 
ously for  years,  points  to  there  being  some  recent  diminution 
in  the  power  of  resistance.  Wliat  this  has  been  it  is  not  always 
easy  to  find  out.  Sometmies  their  has  been  some  slight  indis- 
position or  dyspepsia,  sometimes  loss  of  blood,  at  other  tunes 
merely  sleeplessness,  or  sleeplessness  caused  by  anxiety  and 
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trouble.  In  many  cases  it  can  only  be  ascribed  to  want  of 
nerve  tone,  or  some  senile  loss  of  vigour.  A  frequent  cause  no 
doubt  is  the  undermining  of  the  system  produced  by  alcoholism, 
so  that  alcohol  is  thus  indirectly  a  factor  in  the  etiology.  When 
any  such  predisposing  cause  exists,  then  smoking  at  a  time 
when  there  is  no  counter  stimulus  of  the  food  renders  the 
poisoning  action  much  more  likely  to  take  effect.  According  as 
such  causes,  too,  are  more  or  less  pronounced,  and  dependent  no 
doubt  as  well  upon  the  individual  tolerance  of  tobacco,  we  find  in 
different  cases  of  this  form  of  amblyopia  that  the  patients  have 
been  in  the  habit  of  smoking  very  different  amounts  of  tobacco. 
As  a  general  rule  not  less  than  three  to  four  ounces  of  strong 
tobacco  are  smoked  in  the  week,  often  much  more — in  exceptional 
cases  less.  In  women  a  smaller  quantity  seems  to  suffice  to 
bring  on  the  symptoms.  The  same  symptoms  are  produced  by 
chewing  tobacco. 

It  would  be  strange  indeed  if  tobacco  were  the  only  poison 
which  gives  rise  to  central  amblyopia.  Cases  do  occur  in  which 
it  is  doubtful  whether  tobacco  is  the  cause,  as,  for  instance, 
when  the  amount  consumed  is  very  smaU,  or  where  the  blind- 
ness appears  to  have  come  on  some  time  after  smoking  has 
altogether  been  given  up ;  but,  with  the  exception  of  bisulphide 
of  carbon,  which  produces  much  the  same  symptoms,  only,  as  far 
as  my  experience  goes,  relatively  greater  amblyopia  with  rela- 
tively less  marked  colour  defect,  the  evidence  in  favour  of  other 
poisons  is  as  yet  very  far  from  conclusive.  Some  cases  of  retro- 
bulbar neuritis  very  closely  resemble  toxic  central  amblyopia, 
more  especially  when  the  defect  produced  by  that  inflammation 
is  pretty  similar  in  both  eyes. 

Although  the  bad  effects  which  tobacco  may  produce  on  the 
vision  have  been  long  known,  it  is  only  comparatively  recently 
that  cases  of  this  nature  have  been  diagnosed  with  certainty, 
and  the  cause  of  the  affection  properly  understood.  This  has 
been  mainly  owing  to  the  manner  of  testing  and  defining  the 
limits  of  the  scotoma  by  means  of  colour  tests.  The  defective 
area  is  oval  in  shape,  with  its  long  diameter  horizontal,  and 
stretches  from  the  outer  side  of  the  blind  spot  to  very  slightly 
to  the  inner  side  of  the  point  of  fixation.  It  corresponds  to  the 
external  projection  of  that  portion  of  the  retina  which  lies  between 
the  optic  nerve  and  the  outer  margin  of  the  macula,  a  portion 
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which  recent  investigation  has  shown  to  be  supplied  by  a  special 
bundle  of  optic  nerve  fibres — the  so-called  papillo- macular 
bundle.  The  form  sense  as  well  as  the  colour  sense  is  defective 
over  this  area,  but  the  patient  is  not  conscious  of  a  limited 
defect — that  is,  it  does  not  appear  in  tlie  form  of  an  oval  dark 
spot  in  the  field  of  fixation,  or,  in  other  words,  the  scotoma  is 
not  'positive,  but  what  is  called  a  negative,  scotoma. 

Practically  all  that  is  required  to  diagnose  a  central  scotoma 
is  to  cause  the  patient  to  fix  some  object,  preferably  on  a  dark 
background,  a  foot  or  two  from  his  face,  and  then  to  hold  a 
small  piece  of  coloured  paper  first  an  inch  or  two  to  the  outer 
side,  and  then  a  similar   distance  to  the  inner  side  of  the 
point  of  fixation,  when  it  will  be  found,  if  the  scotoma  be 
marked,  that  the  colour  is  not  recognised  in  the  first  situa- 
tion, but  is  immediately  recognised  in  the  second.    As  the 
defect  is  most  marked  for  red  and  green,  only  these  colours 
need  to  be  used,  unless,  as  I  have  several  times  seen,  there 
should  happen  to  be  at  the  same  time  congenital  red-green 
blindness,  when  blue  and  yellow  must  be  used  instead.  The 
limits  of  the  scotoma  can  be  mapped  out  with  the  colours,  but 
for  this  purpose  smaller  squares  should  be  used,  and  the  shade  not 
taken  too  bright.    By  using  very  small  white  objects  at  a  greater 
distance  the  corresponding  form-sense  defect  in  the  scotomatous 
area  may  usually  readily  be  detected ;  that  is  to  say  an  absolute 
scotoma  for  white  is  also  to  be  found.    Wlaen  the  scotoma  is  not 
very  pronounced,  and  the  visual  acuity  consequently  not  greatly 
reduced,  there  is  more  difficulty  in  demonstrating  its  existence ; 
it  will  then  be  found  that,  although  the  ordinary  colour  of  the 
test  square  is  recognised  to  the  outer  side  of  the  point  of  fixation, 
it  appears  more  vivid  and  distinct  when  removed  to  the  inner 
side.    By  using  light  shades  of  red  and  green  in  such  cases  the 
defective  colour  sense  can  be  demonstrated  with  certainty. 

As  it  is  only  over  a  particiilar  area  that  the  colour  sense  is 
defective,  the  patients  are  often  not  aware  of  the  coloiu-  blindness 
they  have  acquired  :  a  large  surface  of  red  or  green  appears  to 
them  quite  as  distinct  as  formerly.  By  taking  advantage  of  this 
a  pretty  rapid  method  of  diagnosing  the  central  scotoma  may  be 
practised.  If  the  patient  be  made  to  fix  a  white  mark  on  a 
large  surface  of  red  paper  on  which  is  painted  a  green  spot  of 
a  hue  exactly  complementary  to  the  red,  and  of  as  nearly  as 
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possible  the  same  shade,  he  is  quite  unconscious  of  the  green, 
and  considers  the  surface  to  be  uniformly  red  when  the  spot 
falls  within  the  area  of  the  scotoma,  while  he  immediately  sees 
it  in  its  proper  colours  if  it  be  held  so  as  to  cause  the  spot  to 
fall  on  a  healthy  portion  of  the  retina. 

Individuals  with  tobacco  amblyopia  often  complain  of  seeing 
worse  in  a  strong  light.  This  is  owing  apparently  to  some  co- 
existing hj-perresthesia  of  the  retina,  which  •  causes  any  glare  to 
be  uncomfortable.  They  see  white  letters  on  a  black  background 
better  than  the  ordinary  black  letters  on  a  white  ground. 

The  iprognosis  in  tobacco  amblyopia  is  on  the  whole  very 
good.    A  large  proportion  of  cases  completely  regain  vision  if  the 
tobacco  be  stopped.    Improvement,  though  less  rapid,  generally 
takes  place  when  the  amount  consumed  is  reduced,  or  when  the 
quaHty  of  the  tobacco  used  is  milder.    This  is  the  more  likely 
to  take  place  if  smoking  be  indulged  in  only  after  meals.  Some- 
times, though  very  rarely,  recovery  may  take  place  without  any 
change  of  habit  Avith  respect  to  smoking.    Wlien  this  happens 
it  is  probably  to  be  explained  on  the  assumption  that  some  con- 
dition of  the  system,  which  has  permitted  the  tobacco  to  get  the 
upper  hand  and  produce  its  poisonous  effects,  has  been  so  far 
recovered  from  as  to  enable  the  individual  to  throw  off  the 
poison,  notwithstanding  the  ciunulative  action  which  has  taken 
place.    It  is  not  probable  that  the  symptoms  have  been  due  to 
anything  else.    A  very  varying  time  elapses  between  the  stop- 
ping of  the  tobacco  and  complete  recovery,  depending  partly  on 
the  degree  of  blindness  and  partly  on  individual  peculiarities. 
Often  there  is  a  period  of  a  month  or  sLk  weeks,  or  even  longer, 
before  improvement  begins  at  all.  ^ 

Probably  in  many  cases  where  the  vision  is  apparently 
reduced  to  much  the  same  extent,  there  may  yet  be  great 
differences  in  the  density  of  the  scotoma,  and  consequently  iS  the 
extent  of  the  toxic  action  which  has  taken  place.  On  the  whole 
the  younger  and  more  healthy  the  individual,  and  the  smaller 
the  degree  of  blindness  produced,  the  more  rapid  is  the  cure 
likely  to  be. 

The  treatment  consists  in  stopping  the  use  of  tobacco  in  any 
form  altogether.    Although  merely  diminishing  the  amount  con- 
sumed may  be  sufficient,  it  is  found,  as  a  rule,  easier,  and  it  is  ' 
certamly  safer,  to  give  it  up  altogether.    In  addition,  either  in- 
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halation  of  a  few  drops  of  nitrite  of  aniyl  or  tlie  internal  use  of 
nitro-glycerine  in  small  quantities  gr.)  sometimes  appears  to 
hasten  recovery.  Attention  must  also  be  paid  to  the  general 
health,  and  an  attempt  should  be  made  to  improve  any  conditions 
by  which  the  system  is  likely  to  be  lowered. 

The  lesion  whicli  produces  this  peculiar  form  of  amblyopia  is  not 
known.    The  regularity  in  the  shape  of  the  scotoma,  as  well  as  the 
complete  recovery  which  so  often  takes  place,  render  it  extremely 
unHkely  that,  as  has  been  maintained  by  some  lately,  it  is  a  form  ot 
retrobulbar  neuritis.     In  undoubted  cases  of  that  nature,  although 
the  central  vision  is  mostly  affected,  there  is  rarely  either  a  similar 
amount  of  blmdness  in  both  eyes,  or  any  constancy  m  the  shape 
of  the  scotoma,  while  at  the  same  time  there  is  not  mfrequently 
some  shght  peripheral  restriction  of  the  field,  and  rarely  as  complete, 
and  certainly  by  no  means  as  frequent,  recovery.    It  is  more  probable 
either  that  the  poisonous  effect  is  exerted  on  some  part  of  the  bram 
which  includes  the  central  terminations  of  the  papiUo-macular  fibres, 
or  that  some  limited  vasomotor  change  affects  these  fibres  m  some  part 
of  their  course.     Apart  from  the  cases  of  true  retrobulbar  neuritis 
referred  to  at  page  233,  there  are  others  which  exhibit  the  symptoms 
of  a  central  scotoma,  but  which,  nevertheless,  are  not,  correctly  speak- 
ing, either  cases  of  central  or  of  toxic  amblyopia.    It  is  the  existence 
of  such  cases,  no  doubt,  which  has  led  to  the  mistake  of  considering 
toxic  amblyopia  to  be  due  to  inflammatory  changes  in  the  optic  nerve 
The  true  cases  of  toxic  amblyopia  have  not  so  far  been  exammecl 

anatomically.  '  4.1 

An  attempt  has  been  made  recently  by  Jensen  to  classily  these 
cases  of  atypical  central  amblyopia  ui  which  the  appearance  ot  a 
central  scotoma  in  one  or  both  eyes  is  only  a  transitory  phenomenon, 
and  not  the  essential  and  only  characteristic  symptom  of  the  aflection. 
Jensen's  statistics  are  taken  from  Hansen-Grut's  clinic.  Inciudmg 
one  group  of  retrobulbar  neuritis,  about  30  per  cent,  of  the  cases  ot 
central  scotoma  examined,  which  numbered  in  aU  considerably  oyer 
400  were  considered  to  be  atypical.  Jensen  classifies  these  atypical 
cases  under  the  following  heads :— Stationary  scotomatoiis  optic 
atrophy  ;  progressive  scotomatous  optic  atrophy ;  bilateral  optic  neuritis 
with  central  scotoma ;  unilateral_  amblyopia,  neuritis  or  atropliy  witn 
central  scotoma ;  and  glaucoma  sunplex.  _  ,      j  , 

The  most  important  of  these  groups  is  the  stationary  scotomatou, 
optic  atrophy.  Cases  of  this  nature  were  found  to  constitute  about 
25  per  cent,  of  the  atypical  varieties  of  central  amblyopia,  or_  /  pei 
cent,  or  8  per  cent,  of  all  the  affections  characterised  at  some  time  or 
other  in  their  course  by  a  central  scotoma.  Of  this  group  Jensen 
gives  the  following  description  : — 

"  It  occurs  exclusively  in  young  men  under  the  age  ot  34,  usuaii) 
between  the  twentieth  and  twenty-fifth  year  ;  occasionally  showin^  a 
hereditary  tendency,  sometimes  apparently  caused  by  want  ot  sieei 
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and  other  weakoniiig  factors ;  often  •without  any  demonstrable  cause. 
The  affection  begins  with  considerable  amblyopia,  which  occurs  either 
suddenly  or  reaches  a  maximum  in  the  coiu'se  of  a  short  time,  without 
being  accompanied  by  disturbances  of  general  health ;  it  develops 
usually  simultaneously  in  both  eyes. 

"  On  examination  of  the  field  of  vision  a  central  scotoma  is  found 
of  about  the  sauie  size  and  form  as  in  amblyopia  centralis,  but  much 
more  complete — -white  objects,  presenting  a  visual  angle  of  1  to  2 
degrees,  disappearing  either  entirely  or  becoming  very  indistinct 
within  its  area.  Corresponding' to  this,  fixation  is  uncertain  or  eccen- 
tric. During  its  course  the  density  of  the  scotoma,  and  consequently 
the  central  amblyopia,  remains  as  a  rule  unchanged. 

"  The  periphery  of  the  field  of  vision  may  present  slight  anomalies 
in  the  colour  sense  ;  rarely  complete  or  permanent  red-green  blindness. 
Further,  transitory  defects  of  peripheral  vision  for  white  objects  may 
arise.  As  a  rule,  the  periphery  remains  normal  during  the  whole 
course. 

"  Ophthalmoscopically  there  is  found  to  be  complete  atrophy  of 
the  papillas,  and  this  sometimes  very  early ;  as  a  rule,  it  is  decided 
before  the  lapse  of  a  year.  Occasionally  there  may  be  a  suspicion  of  a 
neuritic  origin ;  on  the  other  hand,  a  decided  intraocular  neuritis  is 
never  found  to  precede  the  atrophy.  The  prognosis  of  this  affection 
is  bad  quoad  restitutionem,  but  absolutely  good  quoad  coecitatem." 

Progressixe  scotomatous  atrophy,  which  occurs  with  about  the 
same  frequency  as  the  stationary  form,  is  met  with  only  in  men  of 
middle  age,  rarely  if  ever  before  35.  It  is  to  be  regarded  more 
as  a  particular  form  of  development  of  spinal  atrophy  than  an 
independent  disease  like  either  central  toxic  amblyopia  or 
stationary  scotomatous  atrophy.  There  is  frequently  a  syphili- 
tic history,  and  an  association  with  more  or  less  well-marked 
premonitory  symptoms  of  tabes  dorsalis.  The  blindness  usually 
comes  on  in  the  one  eye  before  the  other.  The  main  points 
in  connection  with  these  affections  are  thus  summed  up  by 
Jensen : — 

The  affection  begins  as  a  central  amblyopia,  with  a  central  coloiu: 
scotoma  and  intact  periphery. 

The  scotoma  has  exactly  the  same  form  and  degree  of  saturation  as 
that  in  amblyopia  centralis,  and,  just  as  is  the  case  in  that  affection, 
the  defect  for  white  objects  can  only  be  discovered  for  minimal  visual 
angles.  During  the  course  of  the  disease  tlie  scotoma  retains  its  size 
and  its  relative  character. 

In  the  periphery,  on  the  other  hand,  anomalies  come  on  charac- 
teristic of  progressive  atrophy,  the  boundaries  for  colours  become 
narrowed  centripetally ;  and  finally,  though  often  very  late,  those  for 
white  also.    At  this  stage  the  original  scotoma  is  frequently  unrecog- 
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nisable ;  the  disease  runs  a  course  similar  to  an  ordinary  progressive 
atrophy,  and  the  prognosis  is  as  bad  as  other  cases  of  that  description. 

Complete  atrophy  of  the  papillae  comes  on  with  certainty,  and  as  a 
rule  earlier  than  in  the  preceding  form  ;  it  may  generally  be  diagnosed 
at  an  early  stage. 

Eeflex  and  Hysterical  Amblyopia. — The  forms  of  blind- 
ness which  may  be  included  under  this  heading  are,  for  the  most 
part,  cases  of  what,  in  contradistinction  to  central  amblyopia, 
might  well  be  called  peripheral  amblyopia.  They  are  perhaps 
in  many  respects  the  most  interesting  and  curious  cases  of 
amblyopia  without  ophthalmoscopic  changes.  Eeflex  irritations 
may  proceed  from  the  teeth,  stomach,  or  intestines,  or  from  the 
uterus  and  ovaries.  The  amblyopia  to  which  the  irritation  gives 
rise,  after  persisting  for  months,  often  disappears  quickly  on 
removal  of  the  source  of  irritation.  Yery  little  is  known  of  the 
more  exact  pathology  of  these  cases.  They  are  vasomotor  dis- 
turbances no  doubt,  but  whether  of  the  retina  or  of  the  centres 
of  vision  is  not  very  clear.  The  former  appears,  however,  the 
more  likely,  as  they  frequently  exhibit  the  symptoms  of  anes- 
thesia or  hypertesthesia  of  the  retina,  the  field  of  vision  as  a  rule 
being  concentrically  restricted,  sometimes  to  a  very^  extreme 
extent,  while  the  central  vision  is  not  so  very  much  impaii-ed. 
A  remarkable  peculiarity,  too,  is  the  inconstancy  shown  in 
the  degree  of  restriction  of  the  field  of  vision  when  successive 
examintitions  are  made  at  short  intervals.  The  only  tiling  that 
appears  to  be  at  all  constant  is  that  the  field  of  vision,  tested  by 
moving  the  test  object  in  towards  the  centre,  is  larger  than  when 
tested  by  moving  it  in  a  centrifugal  direction,  showing  a  rapid 
tiring  of  the  retina,  or,  it  may  be,  of  the  attention  to  casual  im- 
pressions. In  some  of  the  more  distinctly  hysterical  cases,  too, 
there  appears  to  be  a  considerable  improvement  in  peripheral 
vision  in  subdued  light. 

Cases  of  complete  hysterical  amaiu-osis  are  the  most  extra- 
ordinary, both  in  their  symptoms  and  in  the  suddenness  with 
which,  under  certain  strong  emotional  excitements,  they  may  he 
recovered  from.  The  condition  is,  of  course,  mostly  met  with  in 
women,  but  I  have  seen  with  Dr.  Byrom  Braniwell  an  absolutely 
typical  example  of  hysterical  amaurosis  in  a  boy  of  twelve. 
There  is  in  such  cases  evidently  a  withdrawal  of  the  attention 
from  the  impressions  received  by  the  visual  centres,  whilst  at 


SUBJECTIVE  SENSATIONS  OF  LIGHT. 


the  same  time  a  more  or  less  conscious  perception  of  the  impres- 
sions remains.  The  colour  vision  in  hysterical  amblyopia  is  very 
curiously  abnormal,  and  often  affected  in  quite  a  different  way 
from  that  met  with  where  defects  in  this  function  accompany 
more  definite  lesions.  Thus  blue  and  yellow  frequently  appear 
to  be  less  well  recognised  than  red  and  green,  but  all  sorts  of 
possible  varieties  in  the  state  of  the  colour  vision  occur. 

Subjective  Sensations  of  Light  and  Colouk  may  proceed 
from  some  irritation  of  the  retina,  or  may  be  due  to  irritations 
of  the  Adsual  centres  in  the  brain.    It  is  by  no  means  always 
easy  to  detect  in  any  particular  case  what  is  their  origin. 
Generally  speaking,  photopsia  due  to  retinal  irritation  is  niost 
evident  after  any  prolonged  exposure  of  the  eye  to  strong  light, 
or  after  anything  causing  fatigue  either  of  the  retina  or  of  the  body 
generally,  and  tends  to  become  less  marked  or  to  disappear  alto- 
gether when  the  eyes  are  rested,  and  therefore  especially  at  night. 
Photopsia  caused  by  irritation  of  the  visual  centres,  on  the  other 
hand,  is  often  most  distressing  at  night,  and  at  times  when  the 
eyes  are  not  subjected  to  stimulation  from  the  ordinary  ob- 
jective sources.    In  some  cases  of  hyperesthesia  of  the  retina 
complaints  of  coloured  vision  are  made.    This  kind  of  chroma- 
topsia  is  evidently  the  result  of  the  response  to  stimuli,  which 
would  otherwise,  on  account  of  their  feebleness,  be  disregarded 
Owing,  however,  to  the  irritable  condition  in  the  retina,  or  of  the 
more  central  portions  of  the  visual  apparatus,  these  feeble 
stimuli  evoke  sensations,  just  as  hyperaesthetic  individuals  may 
be  affected  with  pains  for  which  little  or  no  objective  cause  can 
be  detected. 

A  curious  form  of  subjective  colour  sensation  has  recently 
received  a  good  deal  of  attention.  It  is  mostly  met  with  in 
aphakia  after  cataract  extraction,  and  consists  in  a  more  or  less 
constant  sensation  of  everything  looked  at  being  coloured  a 
vivid  blood-red.  There  is  no  veiling  of  the  objects,  but  merely 
a  marked  red  coloration.  The  condition,  to  which  the  name 
crythropsia  is  generally  given,  has  not  yet  received  a  satisfactory 
explanation.  It  has  been  ascribed  to  the  dazzling  caused  by 
rays  of  light  passing  through  the  coloboma  in  the  iris  or  to 
that  along  with  some  fatigue  of  the  retina.  As  it  is  met  with 
m  other  conditions  than  aphakia  and  coloboma  of  the  iris  and  is 
not  a  very  common  occurrence,  it  is  impossible  that  these'should 
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in  themselves  be  of  paramount  influence  in  the  production  of 
the  erythropsia.  When  it  appears  after  a  cataract  extraction,  it 
seems  usually  not  to  come  on  until  some  tune  after  the  operation. 
It  is  met  with  in  cases,  too,  where  everything  has  gone  well,  and 
good  vision  has  been  obtained. 

The  influence  of  fatigue  or  hypertesthesia  of  the  retina  in 
giving  rise  to  coloured  vision  is  undoubted.  Some  poisons  which 
cause'^nerve  fatigue  occasionally  also  give  rise  to  chromatopsia. 
Thus  red  and  green  vision  has  been  met  with  by  Bruce  and 
others  in  cases  of  poisoning  by  bisulphide  of  carbon.  Many 
authors  have  described  a  condition  of  yellow  vision,  or  xanthopsia. 
in  jaiuidice.  It  is  certainly  not  a  common  occurrence,  however, 
and  when  it  does  occur  it  is  probably  due  to  a  yeUow  discolora- 
tion of  the  dioptric  media,  which  for  some  reason  or  other  is  not 
*    often  occasioned  in  jaundice. 

Some  forms  of  subjective  light  sensation  are  of  cerebral  origiu. 
One  of  the  most  common  is  that  associated  with  hemicranict.  It 
may  begm  in  different  ways,  and  last  for  a  longer  or  shorter 
time,  usually  after  prolonged  bodily  or  mental  fatigue,  or  at  a 
time  when  there  is  more  or  less  nervous  exhaustion  from  want 
of  food  or  sleep ;  it  suddenly  makes  its  appearance  as  a  dark 
spot  to  one  side  of  the  field  of  vision  in  both  eyes.    The  dark 
area  slowly  increases  in  size,  and  after  some  time  becomes 
bordered  by  scintiUating  and  often  coloured,  zig-zag,  margms  of 
greater  or  less  intensity.    The  configuration  of  these  margms  of 
Sght  often  resembles  the  angular  wavy  outline  of  a  fortification, 
and  for  this  reason  Airy  gave  to  the  affection,  from  which  he 
himself  suffered,  the  name  of  teichopsia.    The  duration  of  the 
whole  visual  disturbance  is  generally  less  than  half  an  hour. 
The  appearances  fade  away  from  the  centre  towards  the  peri- 
phery, and  are  most  frequently  followed  by  severe  headache, 
often  accompanied  by  sickness,  which  lasts  for  several  hours. 
The  central  nature  of  the  subjective  sensations  just  described  is 
pretty  definitely  established  by  the  fact  that  they  may  occur, 
and  indeed  this  is  most  frequently  the  case  in  true  hemianopic 
form. 

This  could  only  be  the  case  when  the  temporary  disturbance, 
whether  vasomotor  or  of  whatever  other  nature,  was  situated  centrally 
with  respect  to  the  chiasma,  unless  possibly  a  vasomotor  disturbance 
took  place  simultaneously  in  symmetrical  halves  of  both  retiniv.  me 
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latter  possibility  is  unlikely,  because  it  would  not  be  in  accordance 
with  the  anatomical  arrangement,  so  far  as  is  known,  of  the  nerve 
.n.T^i  r  V"^'P^^  the  retinal  vessels,  but  more  especially  because  no 
such  disturbance  can  be  detected  by  ophthalmoscopic  examination 
during  the  occurrence  of  the  symptoms.  On  this  latter  point  I  am 
able  to  confirm  the  observations  made  by  Forster,  Haskett-Derby,  and 
others.  The  occasional_  occurrence  at  the  same  time  of  other  cerebral 
S  -'T         ^^^"mstance  which  is  suggestive  of  a  central 

oiigin.  _  An  interesting  experiment,  too,  which  points  to  the  same 
Wnlrr'  by  Kums.    He  found  that  phosphenes,  or  sub- 

ective  sensations  of  ligh   produced  by  pressure,  could  not  only  be 
perceived  dimng  the  attack,  but  that  these  were  referred  to  a  ditont 
plane  from  that  to  which  the  scintHlating  scotomata  were  prelected 
It  seems  probable,  though,  that  when  the  hemianopic  or  bUatera 
character  is  not  marked,  the  disturbance  may  in  some  cLs  reallv 
proceed  from  the  retina.    Thus  I  have  occasionally  nrwith  ceS 

SlTthr'*?"  '^\T^  ^PP^^^  the  resul t  f 

attacks  of  this  nature.  It  would  be  interesting  to  try  the  result  of 
Kums  experiment  dming  the  attack  in  such  cafes.  Another  S  of 
central  subjective  coloured  vision,  which  is  probably  mucFrar  r  tban 

Tnnt=n        ^  '  ^  ^^^^  """^  described  by  Huglilinas 

Jackson,  and  seems  most  commonly  to  be  an  erythropsia  evervtW 
appearing  to  the  patient  intensely  red.  i^iopsia,  everything 

Idiopathic  Mght  BLiNDNEss.-If  the  eyes  be  subjected 
continually,  day  after  day,  to  a  more  than  usually  intense  liaht 
such  as  IS  reflected  from  the  surface  of  the  sea  or  plains  in 
tropical  climates,  or  from  chalk-pits  or  snow,  there  is  apt  to  be 
set  up  a  condition  which  has  been  called  idiopathic  night  Uincl- 
ness.  The  condition  arises  from  the  illumination  of  the  whole 
retina  by  strong  irregularly  reflected  or  scattered  light;  other 
symptoms  VIZ.,  a  central  scotoma  due  probably  to  coagulation 
or  some  other  molecular  change  in  the  retina,  are  causecf  by  the 
direct  action  of  the  light  from  strong  sources  of  illumination 
such  as  the  sun  or  electric  arc.  ^ciuxun, 

•  .^^^f.^oH^ically  there  exists  a  condition  in  some  respects  allied  to 
night  blindness.  Thus,  if  we  suddenly  enter  a  darkeS  rooni  tftl; 
our  eyes  have  been  exposed  to  the  full  li^ht  of  the  dnv  .1  ' 

Illumination  to  which  the  ejos  wore  previously  sub  eZl  Vi.  r 
necessary  for  complete  adaptation  is  dso  subL  to  ind  ^:^d,^^^l  i 
ences.  depending,  an.„„gst  other  eonditions/oTtl'^tlte  oTSheaut 
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Idiopathic  night  blindness  is  more  especially  liable  to  occur 
if  along  with  the  exposure  to  strong  hght,  the  individual  is  the 
subiect  of  some  weakness —malnutrition,  anaemia,  scurvy,  6jc. 
And  although  in  much  the  greater  nmnber  of  cases  of  idiopathic 
nio-ht  blindness  the  prmiary  exciting  cause  has  been  found  to  be 
referable  to  the  action  of  strong  hght  alone,  or  combmed  with 
such  conditions  as  those  mentioned,  a  certain  proportion  of  cases 
appear  to  occur  as  a  result  of  these  debilitating  circumstances 
independently  of  any  abnormal  conditions  of  Hlumination.  Of 
this  nature  are  the  cases  described  as  occurring  in  women  shortly 
before  confinement,  and  in  some  cases  of  cirrhosis  of  the  hver 
and  jaundice.    The  few  cases  which  I  have  seen  of  idiopatluc 
nio-ht  bhndness,  which  is  much  more  common  in  the  southern 
countries  of  Europe  and  in  the  Tropics,  have  been  in  sailors  and 
soldiers  who  have  returned  from  these  regions.    The  affection 
apparently  begms  with  a  condition  closely  resembhng  that  just 
described  as  physiological,  but  in  which  the  period  occupied  by 
the  adaptation  of  the  retina  is  very  much  prolonged.  Eventually 
the  adaptation  has  not  time  to  become  complete  before  the 
indi^adual  is  again  subjected  to  the  unfavourable  conchtions, 
and  so  a  true  night  blindness  is  more  or  less  gradually  acquu^ed. 
The  difficulties  of  vision  come  on  during  dusk.    In  rooms,  too, 
which  are  iUuminated  by  artificial  light,  unless  the  iUummatiou 
is  pretty  powerful,  only  objects  dii^ectly  illuminated  by  the  source 
of  hght  are  seen  distinctly,  the  others  being  more  or  less  m- 
distinct,  according  to  the  severity  of  the  s}^ptoins. 

The  condition  is  one  of  aniBsthesia  or  torpor  of  the  retina,  which 
requires  an  abnormally  strong  stimulus  to  awaken  its  physiological 
activity.    Other  symptoms  are  fovmd  at  the  same  time  depending  mo  e 
or  less  on  the  same  caise.    Thus  there  is  often  a  restriction  of  the  field 
of  vision  to  an  extent  which  varies  in  different  cases ;  there  is  too  a 
certain  amount  of  defect  m  the  vision  for  blue,  ^'^^^^l^^';^^^^^, 
tendency  to  confuse  between  shades  of  blue  and  green,  a  cond  on 
which  is^^ot  characteristic  of  any  form  of  true  congenital  colour  h  m^^ 
ness.    Alfred  Graefe  has  also  described  as  complications  defechve 
accommodation  and  convergence,  as  weU  as  a  dimmished  tenden^^^^ 
towards  the  fusion  of  double  images  produced  by  P^'^^"^^.; .  J^J'J^ 
probably  due  to  defective  stimulation  to  reflex  or  associated  actions 
owing  to  weakness  of  the  afferent  stimulus.    They  disappear  alc^^g 
with  the  night  blindness.    According  to  Eeymond,       visual  ac  u  y 
of  individuals  suffering  from  idiopathic  mght  bhndness  does  not  bc| 
to  diminish  untn  the  strength  of  the  iUiunniation  is  reduced  to  a  point 
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which  begins  fo  teU  on  the  normal  acuity,  but  from  this  point  there  is 
a  very  much  more  rapid  deterioration  than  in  normal  eyes  as  the 
ulumination  is  further  reduced. 

The  iudicatiou  for  treatment  is  to  withhold  light  so  as  to 
allow  the  retina  time  to  recover  itself;  and  in  complying  with 
this  indication  it  is  not  necessary  to  keep  the  patients  in  absolute 
darkness,  but  merely  in  considerably  subdued  Ught,  either  by 
the  use  of  dark  spectacles  or  residence  in  a  darkened  room, 
while  at  the  same  time  attention  should  be  directed,  if  necessary,' 
to  means  calculated  to  improve  the  general  health.  Treatment 
carried  out  on  these  lines  is  always  successful,  and  usually  after 
a  very  short  thne.    There  appears,  however,  to  be  a  decided 
tendency  to  relapse,  which  should  be  guarded  against  by  a 
prolongation  of  the  treatment  after  recovery. 

In  a  considerable  proportion  of  cases  of  idiopathic  night 
bhudness  there  is  also  a  condition  of  xerosis  of  the  conjunctiva 
clue  to  the  glare  which  gives  rise  to  the  defect  of  vision.  A 
micro-organism,  supposed  to  stand  in  some  causal  connection 
with  this  xerosis,  has  recently  been  discovered. 

Idiopathic  night  blindness  is  accompanied  by  no  marked  or 
constant  ophthahnoscopic  changes.    According  to  Poncet  there 
IS  constriction  and  dilatation  of  the  vems  of  the  retina  con- 
ditions which,  if  they  exist  at  aU,  have  certainly  little  to  do  with 
the  characteristic  symptoms.    This  absence  of  ophthahnoscopic 
changes  is  also  generaUy  characteristic  of  the  somewhat  rare 
condition  of  congenital  night  blindness,  although  it  is  hio-hly 
probable  that  it  is  closely  alHed  to  the  degenerative  chang'^e  of 
the  retma  known  as  retinitis  pigmentosa;  possibly  it  may  be 
the  same  disease  occurring  during  intra-uterine  life     Cases  of 
congemtal  night  bhndness  have  not,  however,  generaUy  been 
found  to  be  complicated  by  restriction  of  the  field  of  vision  so 
that  they  may  be  due  to  some  defective  development,  especially 
as  they  remain  stationary  during  life. 

Experiments  of  Charpentier  and  others  have  demonstrated  nrettv 
conclusively  that  there  are  two  distinct  retinal  end  organsXwI  the 
inedmm  of  which  the  transformation  of  physical  states^ntV the  ^v"  3 
stimuli  leading  to  vision,  takes  place.    One  of  these  merely  eS  the 

t W  r  °'  'r^'  "^"^^  percepfcfonTllht 
and  IS  therefore,  so  to  speak,  the  end  organ  for  the  licht  sense  Thl 

other  IS  capable  of  differentiating  the  impressions  which  it  receives  K 
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it  may  be  the  cUfference  of  the  impressions  formed  on  the  two  end 
or3  so  as  to  lead  eventually  to  a  consciousness  of  the  varying 
organs;,  bu  d,a  ^ +1,0  li-aht  mvs  fallin"- on  different  parts  of  the 

''-'r'ZltX^'^i^^^^^  and  colo'ur.  What 

St  tLre  is  produced  a  certain  degree  of  exhaustion  of  the  hght  sense 
end  oSan    0  tiiat  a  certain  time  has  to  elapse  before  it  recovers  itself 

ufficS;  to  be  capable  of  its  full  delicacy.    As  has  been  said  00 
rCormal  stimuli  aie  capable  of  very  much  intensifying  the  state  of 

xrau"d  conse,uLtly  of  l-^-ghig  the  per^^^^^^^^^^ 
recoverv     Thus  it  becomes  a  mere  question  of  the  balance  Det^^een 
supply  and  demand,  so  that  it  is  evident  that  an  abnormal  degree  of 
exhaustion  may  be  occasioned  by  either  an  excessive  demand  on  the 

"^^^^^^^^^^^^^^^  and  tl^at  -ultirig  0^^^^^^^^^ 
from  debilitating  disease  or  from  altered  conditions  of  the  blood,  as 
both  Iv  evidently  be  due  to  exhaustion  in  the  same  end  organ. 
What  HfatTnd  organ  probably  is,  we  learn  by  a  study  of  the  more 
totly  paSlogical  cLditions  associated  with  the  symptom  of  night 
SdnesI  for  we  find  then  that  whenever  there  is  absence  or  destruc- 
^oS  of  the  retinal  pigment  cells,  be  it  congenital  or  the  result  of 
Xmtatry  or  degenerative  changes,  there 

or  less  marked  symptom,  and  this  independently  of  whether  otner 
elements  of  the  retina  are  afi'ected  or  not. 

Musc^  V0LITANTES.-The  appearance  of  shadows  in  front 
of  the  eye  may  or  may  not  be  pathological,  according  to  then- 
nature,  and  the  conditions  under  which  "^^^l^'^  '^^iJ'^^ll 
are  many  irregularities  in  the  normal  eye  which  mte  feie  to  a 
Tgh"  extent  ^ith  the  passage  of  the  light  rays  to  the  1^^^^^^^^^^ 
ani  therefore  cast  shadows  on  it.    These  shadows  -e  howe^^^ 
mostly  too  faint  to  be  perceived,  owing  to  the  smaU  size  of  the 
hochelwhich  throw  them,  compared  to  the  extent  of  the  surf^ 
of  Ught  from  which  rays  pass  through  the  pupil    The  hado^^ 
throln  by  one  pouit  of  light  is  therefore  illuminated  by  the  laj 
nroceedinc  from  others.    Only  such  boches  as  he  very  close  to 
Te  retina\re  rendered  at  all  visible  by  their  shadows,  and  even 
then  are,  as  a  rule,  so  faint  as  to  escape  observation. 

Many  people  notice  small  faint  shadows  which  l^^y  pio  ea 
to  differed  distances  in  front  of  their  ey-  wl-n  looking 
uniformly  illuminated  surface,  such  as  a  white  cloud  01  a  sheet 
Twiiite  paper.    These  have  different  shapes;  tl-y  a-  amuda  , 
or  strung  together  in  beaded  chains,  or  have  more  the  appeal 
ance  of  irregular  shreds  of  tissue.    They  are  not  as  a  rule  hxed, 
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so  that  while  followmg  the  movements  of  the  eye  they  are 
generally  observed  to  change  their  position  as  soon  as  the  eye  is 
brought  to  rest.    On  looking  upwards,  for  instance,  they  appear 
first  to  be  thrown  up  along  with  the  eye.    On  this  account 
these  small  faint  shadows  are  called  miiscai  volitantes.    They  dre 
caused  by  the  existence  m  the  vitreous  chamber  of  small  portions 
of  tissue,  probably  in  most  cases  embryonic.    The  fact  that  these 
shreds  of  tissue  throw  shadows  at  all,  under  ordinary  circum- 
stances, shows  that  they  must  be  at  the  posterior  part  of  the 
vitreous.    Owing,  too,  to  the  free  movement  of  these  muscte,  the 
vitreous  must  be  more  or  less  fluid  in  the  portion  occupied  by 
them.    As,  however,  the  same  musc£e  can  always  be  seen  over 
and  over  again,  pretty  much  at  the  will  of  the  individual,  and 
differ  very  little  in  their  faintness,  the  fluid  portion  in  which 
they  float  must  be  very  narrow.    When  the  rays  which  enter 
the  eye  proceed  from  a  luminous  source  of  a  very  small  extent, 
such  as  is  the  case  with  those  which  pass  through  a  pinhole  in  a 
card  held  close  in  front  of  the  eye,  the  musc»  appear  much 
darker  and  more  numerous,  and  other  more  anteriorly  placed 
irregularities  become  at  the  time  visible. 

It  is  not  easy  to  draw  the  line  between  what  may  be  looked 
upon  as  pathological,  in  respect  to  the  appearance  of  musc£e 
volitantes,  and  what  is  merely  physiological.    With  a  small 
pupil  and  continued  fixation,  such  as  is  necessary  for  writing 
or  drawing  on  strongly  illuminated  sheets  of  white  paper,  &c., 
the  muscse -seldom  fail  to  be  observed,  though  they  are  more 
readily  seen  where  there  is  myopia,  and  the  surface  looked  at 
lies  beyond  the  far  point.    When  attention  is  once  drawn  to 
them,  they  frequently  cause  considerable  annoyance.    Yet  under 
such  conditions  their  appearance  cannot  be  considered  other 
than  physiological.    On  the  other  hand,  when  the  conditions 
are  not  specially  favourable,  and  they  yet  cause  more  or  less 
constant  annoyance,  they  are  an  indication  of  the  existence  of  a 
hypertesthetic  state  of  the  retina,  and  as  such  often  of  some 
general  disturbance,  most  frequently  in  connection  with  the 
liver  or  other  digestive  organs.    When  numerous  and  change- 
able, they  pomt  to  some  degree  of  liquefaction  of  the  posterior 
part  of  the  vitreous,  and  such  cases  are  often  associated  witli  the 
higher  degrees  of  myopia.    As  long,  however,  as  the  bodies 
casting  the  shadows  are  so  small  as  not  to  be  recognisable  on 
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ophthalmoscopic  examination,  they  may  be  generally  diagnosed 
as  mere  muscre.  The  larger  floating  opacities  in  cases  of  disease 
of  the  vitreous,  or  htemorrhage  into  the  vitreons,  are  visible 
ophthalmoscopically,  so  that  the  complaint  of  anything  appear- 
ing to  float  in  front  of  the  eye  should  always  lead  one  to  make 
a  proper  objective  examination. 

COLOUK  Blindness.— Congenital  defects  of  colour  vision 
occur  in  from  three  to  four  per  cent,  of  the  male  population  of 
civilised  countries.  Amongst  females  the  percentage  is  enor- 
mously much  lower,  or  only  about  one-twentieth  of  that  for 
males.  This  comparative  frequency  of  defects  of  colour  vision 
has  directed  attention  to  the  possible  dangers  which  might  result 
from  the  employment  in  our  railways  and  mercantile  fleet  of 
individuals  unable  to  distinguish  with  certainty  between  red 
and  green,  the  colours  iiniversally  used  as  signals.  Accidents 
directly  traceable  to  mistakes  arising  from  colour  blindness 
must  be  of  extremely  rare  occurrence,  partly  because  the  two 
signal  colours  are  not  amongst  those  pairs  for  which  the  greatest 
confusion  exists,  and  partly  because  the  recognition  of  the  signal 
does  not  always  depend  upon  one  man  alone.  The  possible 
dangers  have  certainly  been  considerably  exaggerated.  Stdl 
there  can  be  no  doubt  that  a  systematic  examination  of  the 
colour  vision  of  all  persons  entering  these  services  is  desii'able. 

When  the  possible  dangers  in  connection  with  colour  bHndness 
were  recognised,  it  naturally  became  of  importance  to  discover 
a  means  whereby  any  trace  of  this  anomaly  could  be  speedily 
detected.    Holmgren  has  the  merit  of  being  the  first  to  de^dse 
and  employ  a  method  which  has  proved  to  be  thoroughly 
practical  and  expeditious.    It  is  a  well-known  fact  that  a  higli 
deo-ree  of  achromatopsia  may  co-exist  with  a  tolerably  perfect 
power  of  naming  colours.    It  is  evident,  therefore,  that  any 
system  based  on  the  statements  made  by  indi\aduals  as  to 
the  names  of  colours  presented  to  them  must  be  rejected  as 
impracticable.    Holmgren,  therefore,  adopted  the  method  of 
comparison  between  colours  which  to  the  normal  eye  are 
difierent ;  a  method  which,  in  a  less  perfect  manner — inasmuch 
as  the  time  required  for  examination  is  much  longer— was  used 
by  Maxwell  and  Seebeck. 

Eohngrcn's  test  for  colour  Uindness. — The  indi^'idual  examined 
is  asked  to  pick  out  from  amongst  a  large  number  of  different 
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coloured  wools  those  which  appear  most  like  one  particular 
shade  placed  before  him. 

From  the  way  in  which  the  test  is  executed  by  different 
individuals,  it  can  at  once  be  seen  whether  they  are  colour  blind 
or  not.  Those  with  normal  vision,  provided  they  are  possessed 
of  a  certain  amount  of  intelligence,  are  not  long  in  selecting  the 
few  shades  which  most  nearly  resemble  the  pattern  given  them 
to  match.  A  colour  blind  individual,  on  the  other  hand,  soon 
makes  a  sufficient  number  of  mistakes  to  reveal  his  defect.  In 
order,  however,  at  once  to  obtain  some  idea  as  to  the  nature  of 
his  colour  blindness,  it  is  advisable  to  choose  certain  colours  as 
patterns.  Holmgren  begins  with  light  green,  and  when  mistakes 
are  made  with  this,  proceeds  with  some  shade  of  rose — that  is, 
a  colour  between  red  and  blue.  This  is  very  well  suited  for  this 
piu'pose,  as  it  can  at  once  be  seen,  from  the  colours  with  which 
it  is  confounded,  in  which  direction  the  defect  lies. 

Several  subsequent  investigators  have  rejected  as  superfluous  the 
preliminary  examination  with  light  green,  and  begin  at  once  with  the 
rose  colour.  This  is  a  mistake,  as  although  rose  probably  suffices  as 
a  test  for  all  forms  of  colour  blindness  when  complete,  yet  slight 
anomahes  of  colour  vision  are  most  easily  detected  by  using  light 
green.  The  reasons  for  choosing  wool  instead  of  coloured  glass,  paper, 
pigments,  &c.,  are  that  all  colours  and  shades  of  wool  are  easdy  obtained, 
and  can  be  used  without  any  preparation  ;  that,  having  the  same  colour 
on  all  sides,  any  piece  of  one  colour  is  easily  recognised  amongst  a  lot 
of  others  differently  coloured ;  that  the  rough  surface  causes  no  diffi- 
culty by  reflection ;  and  finally,  that  wool  is  easily  packed  and  carried 
about. 

Holmgren  gives  as  the  result  of  examination  by  his  method 
the  following  classification  of  all  cases  of  defects  of  colour 
vision : — 

1.  Total  colour  hliiulness. — In  these  cases  colour  hues  are  not 
distinguished  from  each  other  as  such,  but  only  according  to 
their  relative  brightness  (very  much  in  the  same  way  as  the 
normal  eye  would  distinguish  coloured  objects  illumined  by  a 
sodium  flame  alone). 

2.  Partial  colour  blindness. — This  may  be  (a)  complete,  or 
(b)  incomplete.  Complete  partial  colour  bHndness  he  divides 
into  (a)  red  blindness,  (b)  green  blindness,  (c)  violet  blindness. 

Although  most  writers  are  agreed  as  to  the  gi-eat  superiority 
of  the  above  described  method  for  the  rapid  determination  of 
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colour  blindness,  there  is  a  want  of  unanimity  with  regard  to  the 
classification  of  cases  of  partial  colour  blindness  ]  some — amongst 
whom  are  Hering,  Cohn,  Stilling,  &c. — contending  that  there 
is  no  difference  between  red  and  green  blindness,  and  between 
blue  and  yellow  blindness,  whilst  others — Donders,  Eaehlraann, 
Magnus,  &c. — follow  Holmgren's  classification,  which  is  based 
on  what  is  known  as  the  Young-Helmholtz  theory  of  colour 
perception. 

What  we  wish  to  know  is,  what  is  the  actual  condition  of 
the  sense  of  colour  in  those  who  are  colour  blind  ?    In  the  first 
place,  there  can  be  no  doubt  that  an  individual  who  is  blind  for 
one  particular  hue  is  at  the  same  time  blind  for  its  complement. 
That  this  is  the  case  is  shown  by  the  following  facts.    It  is 
possible  by  the  rapid  rotation  of  a  disc  to  obtain  from  three  or 
more  suitably  selected  coloured  sectors  an  impression  which  is 
identical  with  that  of  a  mixture  of  black  and  white  produced  in 
the  same  way ;  the  colours  taken  in  certain  proportions  can  be 
got  to  neutralise  each  other,  so  that  the  resulting  impression  is 
colourless.    The  slightest  removal  of  any  portion  of  one  of  the 
colours  entering  into  the  combination  can  at  once  be  detected, 
and  some  colour  sensation  is  the  result.    If,  on  the  other  hand, 
the  disc  should  contain  two  sectors  of  exactly  complementary 
colours,  their  simultaneous  removal  does  not  destroy  the  colour- 
less effect;  the  remaining  colours  continue  to  neutralise  each 
other,  so  that  the  impressions  they  give  rise  to,  following  each 
other  in  rapid  succession,  resolve  themselves  into  grey.    ISTow  it 
is  found  that  the  same  mixture  which  to  a  normal  indi^ddual 
appears  similar  to  a  mixture  of  black  and  white,  also  appears  so 
to  the  colour  blind  individual,  whence  it  follows,  as  they  are 
known  to  be  blind  for  one  colour  that  they  must  either  be 
insensitive  to  two  complementary  hues  in  both  discs,  or  to  only 
one  in  each.    If  they  only  fail  to  perceive  one,  both  discs  must 
appear  to  them  coloured ;  but  this  is  extremely  unlikely,  because 
then  all  objects  which  appear  to  the  normal  eye  colourless  must 
appear  to  them  coloured.    There  is  indeed  no  reason  to  suppose 
that  this  is  the  case.    But  there  is  another  reason  for  believing 
that  it  cannot  be  so,  viz.,  the  analogy  which  exists  between 
physiological  colour  blindness  at  the  periphery  of  the  retina  and 
the  normal  colour  sense  on  the  one  hand,  and  pathological  colour 
blindness  on  the  other. 
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Aclamiik  and  Woinow  have  found  that  the  colour  mixtures 
which  appear  grey  at  certain  parts  of  the  perij)hery  of  the 
retina  vary  according  to  the  intensity  of  the  illumination. 
According  to  Bonders  and  Landolt,  too,  the  peripheral  colour 
impressions  do  not  differ  from  the  central  if  the  intensity  of 
illumination  be  increased.    Although  the  colour  blindness  exist- 
ing for  the  peripheral  parts  of  the  field  of  vision  is  apparently 
therefore  only  partial,  still  the  fact  remains  that  a  very  similar 
colour  confusion  exists  for  those  parts  of  the  normal  field, 
as  in  the  colour  blind  at  the  point  of  fixation.     Thus  a  red 
or  green  object  will  appear  when  viewed  peripherally  yellow, 
grey,  or  blue,  according  to  the  hue  taken ;  yet  a  white  or  grey 
object  does  not  become  coloured  by  being  removed  from  the 
centre  to  the  periphery  of  the  field  of  vision,  which,  as  a  white 
surface  reflects  all  rays  equally,  or  at  any  rate  nothing  but  rays 
which  neutralise  each  other,  would  necessarily  be  the  case  if 
certain  parts  of  our  retina  were  insensitive  only  to  particular 
and  non-complementary  homogeneous  rays.    Again,  if  a  certain 
colour  appear  colourless  to  a  colour  blind  individual,  its  after- 
image appears  also  colourless,  and  one  which  fails  to  produce  the 
normal  impression  also  gives  rise  to  an  after-image  which  is 
exactly  complementary  to  the  impression  received,  and  not  to  that 
which  would  be  seen  by  any  one  whose  colour  sense  was  not  defec- 
tive.   There  is  no  reason,  however,  why  rays  which,  although 
colourless,  are  yet  visible  should  fail  to  produce  in  us  the  usual 
successive  or  simultaneous  contrast,  unless  we  are  at  the  same 
t  me  insensitive  to  those  which  give  rise  to  the  complementary 
impression ;  indeed,  if  we  have  not  the  power  of  evoking  the 
normal  impression  subjectively,  we  cannot  expect  to  be  sensitive 
to  the  ordinary  objective  causes  which  normally  produce  it. 

Another  point  of  importance  in  connection  with  the  vision  of 
the  colour  blind  is,  that  although  they  fail  to  distinguish  between 
many  different  colours,  yet  they  are  only  actually  blind  for  two 
particular  hues  which  are  complementary,  and  the  slightest 
change  in  which  is  capable  of  giving  rise  to  a  colour  impres- 
sion. Thus  most  see  a  continuous  spectrum,  yet  the  colours 
seen  are  but  shades  of  two  hues,  which  are  separated  by  a 
narrow  band  of  grey.  This  band,  too,  diminishes  in  breadth 
accordmg  as  the  intensity  of  the  illumination  increases.  These 
mutral  points  appear,  however,  to  differ  in  different  cases  of 
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colour  blindness,  which  nevertheless  are  generally  included  under 
the  same  class.  If,  therefore,  we  could  imagine  all  our  possible 
colour-hue  perceptions  so  disposed  round  the  periphery  of  a 
circle  that  those  which  are  complementary  were  exactly  opposite 
each  other,  we  should  find  that  the  directions  of  the  diameters, 
representing  the  exact  hues  for  which  different  individuals  were 
blind,  differ.  Such  a  circle  would  necessarily  include  not  only 
all  the  different  homogeneous  light  rays  which  we  are  capable  of 
distinguishing  as  different  hues — in  other  words,  all  the  colours 
of  the  spectrum — but  also  certain  hues  complementary  to  definite 
spectral  hues,  but  which  are  not  themselves  found  in  the  spec- 
trum, which,  for  some  reason  or  other,  we  are  not  able  to  see  as 
homogeneous  light,  although  we  can  do  so  subjectively,  or  by 
mixing  other  spectral  colours. 

The  reason  why  only  one  neutral  line  is  usually  to  be  found 
in  the  spectrum  of  the  colour  blind  is,  that  in  the  immense 
majority  of  cases  the  diameter  representing  the  hues  for  which 
they  are  insensitive  passes  from  some  part  of  the  green  to  some 
part  of  the  space  which  would  be  occupied  by  the  purplish  hues 
invisible  as  homogeneous  coloui-s. 

The  position  of  this  colour  blind  diameter  lias  cm  infiuemc 
on  the  perception  of  all  tlie  colours  of  the  spectrum,  and  constitutes 
a  difference — at  one  time  small,  at  another  time  considerable — 
between  two  cases  of  colour  blindness,  so  that  if  in  one  case 
the  diameter  lies  between  bright  green  and  purple,  the  colour 
confusion  will  differ  from  that  presented  by  a  case  where  it  lies 
between  a  more  bluish-green  and  a  more  reddish-purple  or  rose 
colour.  This,  I  believe,  is  the  real  explanation  of  the  difference 
between  green  and  red  blindness  of  some  authors. 

Many  investigators  describe  the  spectrum  of  the  colourblind 
as  continuous,  although  only  containing  two  colours,  no  portion 
appearing  grey.  This  is  due  to  the  way  in  wlaich  they  have 
conducted  their  examinations.  If  a  very  luminous  spectrum  be 
used,  the  images  of  the  slit  formed  by  the  rays  lying  on  each 
side  of  those  giving  rise  to  the  exact  neutral  line  so  overlap 
each  other  as  to  cover  the  image  formed  by  those  colourless 
rays.  A  less  luminous  spectrum,  by  diminishing  the  colour 
sensations  produced  on  each  side  of  the  neutral  line,  which  in 
all  cases  are  described  as  feeble,  permits  of  the  impression  of  a 
grey  line  separating  the  two  colours  composing  tlie  spectrum, 
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although  the  line  may  not  be  very  sharp.  Cases  do  occur  in 
which  no  neutral  line  is  observed :  these  are  cases  of  incom- 
plete colour  blindness,  which  are  not  infrequent,  and  of  very 
dilferent  degrees.  Again,  if  we  take  any  red,  orange,  yellow,  or 
green  sector,  and  combine  the  impression  received  from  it  with 
that  from  a  blue  pigment  by  rotation  on  a  disc,  we  find  that  the 
proportions  of  any  of  these  with  the  blue,  which  is  necessary  to 
produce  a  neutral  colour  sensation,  varies  in  different  cases  of 
colour  bhndness— that  is  to  say,  different  cases  are  blind  for 
different  non- saturated  hues,  which,  owing  to  their  mixture 
with  white  light,  are  impure,  and,  owing  to  the  absorption  of 
light  by  the  pigments,  are  wanting  in  brightness. 

In  all  probability,  therefore,  there  are  a  great  number  of 
forms  of  complete  colour  blindness,  corresponding  in  general  to 
blindness  for  certain  rose  and  green  hues.  Although  the  classi- 
fication into  red-green  blindness  and  blue-yellow  blindness  is 
preferable  to  that  based  on  the  theory  of  three  fundamental 
sensations,  still  there  can  be  little  doubt  that  a  more  accurate 
one  might  be  taken  from  the  hues  representing  neutral  sensations. 

The  term  colour-blindness  is  in  such  general  use  that  it  would 
seem  inadvisable  to  reject  it  altogether.  ISTevertheless,  it  is 
obvious  that  such  a  term  as  colour -confusion  would  be  more 
ajDplicable  to  all  cases  except  those  of  total  colour  blindness. 

The  explanation  of  why  in  the  case  of  the  partially  colour  blind 
the  absence  of  the  perception  of  two  complementary  hues  should  leave 
the  individual  only  a  dichromatic  spectrum,  has  been  attempted  in 
different  ways,  and  has  led  to  the  various  hypotheses  of  colour  per- 
ception, none  of  which  can  he  said  to  be  more  than  extremelv 
speculative.  The  two  current  hypotheses  to  explain  the  nature  of 
colour  perception  are  known  as  the  Young-Helmholtz  theory  and 
Hermg's  theory.  The  reader  must  be  referred  to  works  on  physioloo-y 
or  other  sources  for  a  description  of  these  hypotheses.  But  as  the 
most  important  test  of  their  value  is  afforded  by  a  consideration  of 
how  far  they  suffice  to  explain  the  facts  of  colour  blindness,  some 
criticism  may  not  he  out  of  place  here. 

Both  hypotheses  assume  the  existence  of  so-called  fundamental 
colour  sensations.  It  must  be  admitted,  I  think,  that  the  idea  of 
fundamental  colours  has  rather  impeded  than  advanced  our  knowled"e 
of  the  phenomena  and  nature  of  colour  blindness.  The  numerous  and 
laborious  examinations  tliat  have  been  made  with  the  object  of  detect- 
ing and  classifying  cases  of  colour  blindness  have  been  conducted 
mamly  by  those  who  have  tried  to  reconcile  the  results  obtained  with 
one  or  other  of  the  current  hypotheses.    The  support  which  Yoim^'s 
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hypothesis  lias  received  from  such  weighty  authorities  as  Maxwell, 
Helmholtz,  and  Donders,  etc.,  has  necessarily  given  it  a  very  firm  hold 
of  the  minds  of  physicists  and  physiologists.  Indeed  the  existence  of 
the  three  different  end-organs  or  conducting  fibres  which  are  supposed 
to  respond  in  different  ways  to  different  stimuli  is  often  referred  to  as 
little  short  of  a  certainty.  Kow,  however  satisfactory  such  a  hypo- 
thesis may  be  as  an  explanation  for  colour  vision  in  the  normal  state, 
the  altered  nature  of  the  function  of  one  or  all  of  the  end-organs,  which 
it  becomes  necessary  to  assume  in  the  case  of  colour  blindness,  does 
not  adequately  account  for  the  particular  conditions  of  colour  percep- 
tion which  characterise  that  state.  This,  at  least,  is  the  case  with 
reference  to  the  colour  blindness  existing  for  the  peripheral  parts  of 
the  retina  in  everyone  who  has  otherwise  normal  colour  perception. 
This  kind  of  colour  blindness  is  easily  studied,  and  the  facts  in  con- 
nection with  it,  which  it  is  of  importance  to  consider,  are  as  follows  : — 
For  the  outermost  portions  of  the  retina  there  is  total  colour  blind- 
ness. For  a  less  peripheral  zone  the  defect  is  only  partial  (red-green 
blindness).  In  neither  case  does  the  colour  blindness  appear  to  be 
complete,  as  it  has  been  found  that  the  boundaries  of  the  area  of 
correct  colour  appreciation  are  wider  for  very  bright  coloiu's.  In  the 
partially  colour  blind  area  only  two  complementary  hues — a  particular 
yellow  and  a  particular  blue — are  seen  in  the  same  manner  as  they  are 
seen  at  the  centre,  aU  others  appear  yellowish  (brownish)  or  bluish, 
and  at  the  same  time  fainter  or  dirtier  in  colour,  according  to  the  hue 
and  shade  examined  in  this  way.  Two  other  hues  may  be  found  with 
some  trouble  which,  within  the  same  partially  colour  blind  area  appear 
uncoloured  (neutral,  grey),  viz.,  a  particular  green,  or  bluish-gi-een,  and 
its  complement,  a  particular  rose-red  or  red.  These  four  hues  might, 
in  a  certain  sense, — inasmuch,  namely,  as  they  always  give  rise  to  the 
same  impression  as  soon  as  they  become  visible  as  coloured  at  all, — be 
called  fundamental  colours,  and  they  correspond  to  those  which, 
according  to  Bering's  hypothesis,  are  the  fundamental  ones.  Again, 
it  is  possible  to  find  a  great  number  of  different  pairs  of  hues  which, 
although  giving  rise  to  altogether  different  colour  impressions  when 
viewed  directly  by  the  normal  eye,  appear  similar  when  seen  Avith  the 
peripheral  portions  of  the  retina,  as  they  both  give  an  impression 
corresponding  to  some  tint  or  shade  of  one  of  the  only  two  hues  which 
are  there  seen  correctly. 

Another  important  fact  in  connection  with  the  physiology  of  vision 
in  the  normal  eye  is,  that  a  white  object  when  carried  from  the  peri- 
phery to  the  centre,  or  vice  versa,  does  not  become  coloured,  but 
remains  white.  This  is  the  natural  result  of  the  peripheral  colour 
defect  being  always  equal  for  hues  which  are  complementary,  and  of 
the  remaining  dichromatic  vision  being  one  in  which  two  comple- 
mentary colours  are  equally  visible. 

Whilst,  however,  it  is  possible  to  compare  the  appearances  which 
different  hues  present,  when  seen  by  the  colour-blind  portion  of  the 
retina,  with  that  which  they  jDresent  on  direct  fixation,  it  is  not 
possible  for  the  normal  eye  to  appreciate  with  certainty  the  impres- 
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sions  to  which  different  hues  give  rise  in  colour-blind  individuals. 
Colour  blindness,  as  it  occurs  congenitally,  is  not  exactly  similar  to 
the  normal  colour  blindness  of  the  peri^Dheral  portions  of  the  retina. 
It  is  certainly,  however,  a  very  analogous  condition,  the  differences 
being  probably  mainly,  if  not  entirely,  such  as  result  from  its  greater 
completeness  and  the  greater  differences  in  the  complementary  hues 
which  in  each  particular  case  appear  devoid  of  any  colovu' — i.e., 
neutral  or  grey.  Indeed,  the  results  obtained  by  a  comparison  of  the 
impressions  produced  in  the  two  eyes  in  the  few  cases  of  unilateral, 
congenital,  partial  colour  blindness  which  have  been  examined  fully 
confirm  this. 

But  it  is  not  necessary  that  we  should  know  exactly  how  the 
colour-blind  see  colours  to  test  the  validity  of  the  Young-Helmholtz 
theory,  we  need  only  demand  that  it  should  afford  a  satisfactory  ex- 
planation of  the  facts  of  normal  colour  blindness  enumerated  above. 
This,  I  venture  to  say,  it  cannot  do.  At  all  events,  neither  the  com- 
plete loss  of  functional  activity  in  one  of  the  three  fundamental  end- 
organs  or  conducting  fibres,  nor  the  supposed  abnormal  diminution 
in  the  extent  to  which  all  respond  to  definite  physical  stimuli,  can 
explain  both  the  dichromatic  spectrum  and  the  unaltered  impression 
produced  by  a  white  object. 

The  same  objections  cannot  be  urged  against  Hering's  hypothesis. 
On  the  assumptions  made  by  Heriug  an  apparently  satisfactory  ex- 
planation of  normal  peripheral  colour  blindness  can  be  given,  and, 
therefore,  presumably  also  of  congenital  colour  blindness.  The  ques- 
tion rather  which  suggests  itself  is.  Is  there  any  good  reason  for 
assuming  that  there  are  any  fundamental  colour  sensations  at  all  ?  So 
far  as  I  am  aware,  the  first  to  seriously  question  the  existence  of 
primary  or  fundamental  colour  sensations  was  KrencheL  He  pointed 
out  that  it  is  strange  that,  if  there  were  such,  we  should  be  so  ab- 
solutely unconscious  of  them.  Who,  for  instance,  taking  the  red  of 
the  spectrum,  can  say  of  any  particular  part  of  it,  although  the  im- 
pression to  which  it  gives  rise  is  easily  recognised  from  those  pro- 
duced by  the  hues  on  either  side  of  it,  that  it  is  a  pure  red,  a  purer 
red  than  anything  else,  a  primary,  or  a  fundamental  impression? 
What  every  one  with  normal  colour  vision  can  do,  and  what  is 
therefore  a  lest  of  normal  colour  vision  is,  to  recognise  a  definite 
series  in  the  hues  of  the  spectrum  which  are  sufficiently  distinct  to 
be  recognised  as  different.  Every  one  can  place  in  a  definite  order  a 
very  large  number  of  different  hues,  beginning  with  red,  and  passing 
through  orange  red,  reddish  orange,  orange,  yellow,  etc.,  to  violet. 
This  is  completely  unintelligible  to  the  colour-blind,  but  is  readily 
apparent  to  every  one  possessed  of  normal  colour  vision,  and  yet  no 
one  can  say  that  to  every  one  with  normal  colour  vision,  the  same 
hues  give  rise  to  identically  the  same  impressions.  The  test  for 
normal  colour  vision  is  simply  that  this  unbroken  series  of  impres- 
sions is  recognised.  This  is  all  we  know  of  the  psycliicaL  transforma- 
tion or  elaboration  of  the  physical  conditions  which  form  the  basis 
of  colour. 
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As  to  the  pliysical  conditions,  much  is  of  course  known,  and  in  this 
connection  it  may  be  worth  while  noting  the  following  points : — In 
tlie  first  place,  there  is  an  unbroken  series  of  ether  vibrations  of  dif- 
ferent velocity,  which  are  capable  of  being  appreciated  as  colours. 
The  series,  though  continuous,  does  not  embrace  vibrations  Avhich 
have  ever  so  great  a  ratio  as  2:1.  That  is  to  say,  there  is  nothing 
similar  to  the  octave  in  sound  vibrations.  The  series  of  sensations, 
too,  corresponding  to  the  vibrations  of  different  velocity,  is  one  in 
which  a  similar  colour  impression  does  not  occur  twice,  but  in  which, 
nevertheless,  we  are  conscious  of  an  approximation  at  either  end. 
The  interval  left  can  indeed  be  filled  up  by  colours  of  which  we  may 
become  conscious  in  other  ways  than  by  the  action  of  homogeneous 
light  on  the  retina.  Wliy  it  should  be  that  the  number  of  possible 
different  colour  impressions  should  be  greater  for  some  parts  of  the 
spectrum  than  for  others,  and  that  impressions  which  we  are  capable 
of  receiving  in  other  ways  should  not  be  elicited  by  simple  vibrations, 
is  not  clear. 

Again,  the  same  colour  sensation — as  far  at  least  as  hue  is  con- 
cerned— is  got  not  only  from  the  effect  of  vibrations  of  one  velocity 
alone  (homogeneous  light)  on  the  percipient  elements  of  the  retina, 
but  also  from  the  simultaneous  action  of  vibrations  which,  acting 
alone,  would  give  rise  to  impressions  of  colour  occupying  positions 
on  either  side  of  it  in  the  series  of  possible  colour  sensations.  This 
fact,  taken  along  with  the  incompleteness  of  the  octave  of  coloiu-- 
eliciting  vibrations,  and  the  great  difference  ui  the  nature  of  the 
vibrations  themselves,  is,  as  it  appears  to  me,  sufficient  to  exclude  all 
analogy  between  the  sensations  of  sound  and  colour,  which  is,  never- 
theless, often  assumed  to  exist.  The  simultaneous  action,  then,  of 
any  two  homogeneous  light  vibrations  gives  rise  to  an  intermediary 
colour  impression.  It  is,  consequently,  possible  to  select  any  number 
greater  than  two  (therefore  three  at  least)  which,  by  suitable  combina- 
tions, will  give  rise  to  all  possible  colours.  This  fact  has  no  doubt 
contributed  greatly  to  the  notion  of  the  existence  of  a  few  funda- 
mental colours.  The  further  the  component  vibrations  are  separated 
from  each  other  in  the  spectrum,  the  less  saturated  is  the  residting 
colom'  impression  until  it  becomes  altogether  neutral,  and  the  com- 
ponent vibrations  are  such  as  give  rise  to  complementary  colours.  If, 
then,  we  assume,  as  Hering  does,  that  there  are  only  four  funda- 
mental colour  sensations,  and  that  all  others  are  simp)ly  combinations 
of  two  of  these,  it  seems  not  only  strange  that  we  should  not  be  con- 
scious of  a  particular  purity  in  these  fundamental  colours,  but  that 
there  should  be  such  an  equal  sensation  of  saturation  about  all  the 
spectral  colours. 

We  know,  then,  the  primary  cause  of  colour  sensations,  and  the 
final  result.  Of  the  intermediary  stages  in  the  process — viz.,  the 
manner  in  which  the  definite  physical  conditions  become  changed 
into  definite  psychical  impressions — little  is  known.  It  is  known, 
of  course,  that  the  first  transformation  takes  jDlace  in  the  retina,  and 
that  the  brain  receives  the  retinal  impressions,  which  are  conveyed 
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to  it  along  the  optic  nerves.  But  Ave  do  not  know  what  is  the 
nature  of  the  transformation  that  takes  place  in  the  retina,  or  of 
the  resulting  primary  excitation  in  the  brain  which  awakens  the 
consciousness  of  colour.  It  is  natural  that  there  should  be  speculation 
as  to  the  manner  in  Avhich  the  intermediary  process  is  accomi)lished. 
One  can  readily  understand,  too,  that  the  fact  that  it  is  possible  to 
obtain  all  colours  from  three  or  more  colours  variously  combined, 
taken  along  with  the  doctrine  of  specific  nerve  energies  of  Johannes 
Miiller,  should  create  a  strong  leaning  towards  the  fundamental  colour 
hypotheses.  Apart,  however,  from  this,  there  does  not  appear  to  be 
any  reason  for  making  such  an  assumption;  there  is,  in  fact,  no 
evidence  of  the  existence  of  primary  colours  either  in  the  physical 
basis  or  in  the  final  consciousness  of  colours ;  in  other  words,  in  all  we 
kuoAV  anything  about. 

A  question  which  naturaUy  suggests  itself  is,  Where  is  the  defect 
in  colour  blindness  ?    Is  it  in  the  retina,  in  the  optic  nerve,  or  in  the 
brain  ?    So  far  as  pathological  conditions  go  there  is  never  any  great 
disproportion  met  with  between  the  colour  and  form-sense  defects  in 
any  case  of  purely  retinal  disease,  that  is  to  say,  disease  involving  only 
the  percipient  layers  of  the  retina ;  the  changes  in  colour  visfori  to 
which  such  alterations  give  rise  are  similar  to  what  is  caused  by  dimin- 
ished illummation ;  colours  are  seen  much  as  they  are  in  semi-darkness. 
On  the  other  hand,  colour  vision  appears  to  be  disproportionately 
reduced,  as  compared  with  vision  for  form,  in  aU  cases  where  the 
conducting  mechanism  is  implicated.    This  is  most  marked  where  it 
may  be  assumed  that  there  is  a  general  lowering  of  the  conductibiUty 
of  contiguous  gi'oups  of  optic  nerve  fibres,  as  in  the  various  forms  of 
amblyopia  alfectmg  the  centres  of  the  retina  (toxic  amblyopia,  retro- 
bulbar neuritis).    It  is  in  cerebral  changes,  however,  that  the  greatest 
proportionate  defects  in  colour  vision  are  found— alterations  in  the 
retinal  elements  and  optic  nerves,  produce  a  lowering  of  colour  per- 
ception, not  merely  red-green  blindness,  though  this,  especially  in  the 
latter  cases,  is  often  most  marked,  corresponding  to  the  less  perfect 
development  of  red-green  vision  at  some  parts  of  the  normal  retina 
In  the  case  of  changes  localised  in  the  bram  this  tolerably  equal  dis- 
tribution, or  impaired  vision  for  all  colours,  is  also  what  is  most 
frequently  met  with  (in  the  so-called  hemiachromatopsia,  for  instance) 
but  cases  have  been  recorded  in  which  a  purely  red-green  blindness  ha« 
been  acquired.    The  experience  of  pathology  Avould  render  it  probable 
then  that  the  abnormality  in  colour  blindness  is  a  central  cerebral  one 
and  not  retinal,  i.e.,  that  the  retina  of  the  colour  blmd  responds  in  the 
same  manner  to  the  ordinary  physical  stimuli,  but  that  for  some  reason 
or  other  the  psychical  result  is  an  abnormal  one.    This  appears  to  me 
too,  to  be  all  the  more  probable  from  the  fact  that,  under  altogether 
normal  conditions  of  colour  vision,  the  same  physical  stimulus  does 
not  necessarily  give  rise  to  the  same  colour  impression.    This  is  seen 
in  the  well-known  phenomenon  of  simultaneous  contrast. 

So  far  as  the  primary  transformation  of  light  waves  goes  it  is 
certainly  not  necessary  to  assume  the  existence  of  unknown  elements 
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in  the  retina  in  order  to  imagine  a  manner  in  which  it  may  respond 
differently  to  qualitatively  different  stimuli.  It  has  long  been  known 
that  alterations  in  the  pigment  of  the  hexagonal  cells  of  the  retina  are 
associated  with  defects  in  the  light  sense,  and  recent  experiments  by 
Engelmann,  Van  Genderen  Stort,  and  others,  have  shown  that  changes 
actually  take  place  in  the  disposition  of  the  pigment  in  these  cells  by 
the  action  of  light.  The  retinal  pigment  must  therefore  be  looked 
upon  as  in  some  sense  an  end-organ.  It  is  at  least  not  impossible, 
then,  that  a  different  proportionate  stimulation  may  be  produced  in 
the  cones  and  pigment  for  each  ajDpreciable  difference  in  wave  length 
or  combination  of  homogeneous  stimuli.  What  would  seem  more 
likely,  however,  inasmuch  as  the  colours  resulting  from  homogeneous 
light  are  always  more  saturated  than  the  similar  ones  otherwise  pro- 
duced is,  that  the  stimulation  of  the  pigment  in  each  case  merely  gives 
rise  to  the  sensation  of  light,  while  the  different  action  of  different 
wave  lengths  and  the  equivalent  more  complicated  stimidi  on  the  cones, 
in  some  manner  elicits  the  qualitative  differences  in  the  im])ressions 
produced.  That  there  is  some  intimate  connection  between  the 
stimulations  of  those  two  end-organs  in  their  relation  to  colour  per- 
ception is  apparent  too  from  the  fact  that  colour  impressions  are 
different  accordmg  to  the  degree  of  illumination  if  below  or  beyond  a 
certain  intensity.  The  shortening  of  the  spectrum,  too,  met  with  in 
some  colour-blind  people,  and  the  incompleteness  of  the  octave  of 
colour  impressions  from  homogeneous  light  may  have  something  to  do 
with  this.  The  shortened  spectrum  has,  so  far  as  I  know,  not  been 
shown  to  be  a  peculiarity  of  the  colour-blind  state. 

The  greatest  stumbling  block,  however,  is  presented  by  the  phy- 
siological notion  of  specific  nerve  energies.  According  to  this  doctrine 
it  would  appear  unlikely  that  such  a  multitude  of  different  impres- 
sions could  be  conveyed  to  the  brain,  as  must  necessarily  be  the  case 
if  there  were  there  a  direct  consciousness  of  the  differences  in  the 
manner  in  which  the  transformation  of  energy  took  place  in  the  retina 
for  each  and  every  different  colour  which  it  is  possible  to  distinguish. 
But  we  cannot  say  that  such  is  not  the  case.  Home  have  imagmed  a 
transmission  by  periodic  variations  in  the  nerve  currents  (which,  of 
course,  is  the  only  energy  transmitted  along  the  nerve),  leadmg  to  a 
reproduction  of  the  same  physical  state  in  the  cerebral  cells  at  the 
visual  centres,  analogous  to  the  manner  in  which  sound  vibrations  are 
reproduced  in  the  telephone.  In  the  telephone  the  velocity  of  the 
current  which  transmits  and  reproduces  the  periodic  vibrations  is 
enormously  rapid  as  compared  with  the  vibrations.  Light  vibrations 
have,  on  the  contrary,  such  a  much  greater  velocity  than  the  nerve 
current  that  it  is  almost  inconceivable  that  there  could  be  a  similar 
transmission,  that  is  to  say  if  we  imagine  an  altogether  analogous  and, 
so  to  speak,  direct  transmission.  It  is  not  inconceivable,  however, 
that  the  transformation  of  energy  which  takes  place  in  the  retina,  may 
be  of  such  a  nature  as  to  render  its  repi'oduction, — that  is  to  say  the 
reproduction  of  the  same  molecular  state  in  the  brain, — quite  compatible 
with  the  slower  transmission  of  energy  along  the  optic  nerve.  At 
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aU  events,  it  is  impossible  to  say  that  this  is  not  or  cannot  be  the 
case. 

If  we  imagine,  then,  tliat  the  cMerent  way  in  which  the  different 
physical  causes  produce  stimulation  of  the  end-organs,  each  give  rise  to 
correspondingly  different  states  in  the  molecular  activity  of  the  cere- 
bral cells,  then  we  might  suppose  further,  that  when  colour-vision  is 
normal  the  molecules  may  be  put  into  their  particular  state  of  activitv 
equally  weU  by  all  the  different  physical  stimuli  capable  of  givmg  rise 
to  different  colour  impressions.  In  the  colour-blind,  on  the  other 
Hand,  we  might  suppose  that  only  one  particular  state  (or  rather  two 
connected  m  some  intimate  manner)  can  be  set  up  by  all  these  same 
physical  causes  of  stimulation.  The  resultmg  impressions  hi  the  case 
of  the  coloui--blind  would  therefore  only  correspond  to  the  normal  when 
they  were  such  as  would  in  the  normal  brain  give  rise  to  the  same 
impression  by  caUmg  forth  the  same  molecular  state. 

In  a  paper  in  the  Edinburgh  Medical  Journal  of  1879  I  referred 
to  the  manner  m  which  Krenchel  illustrated  this  or  an  essentials 
similar  idea.    I  have  smce  been  in  the  habit  of  adopting  the  foUowincr 
Illustration,  and  I  use  it,  of  course,  merely  as  an  iUustration,  not  as 
an  attempt  to  explain  what  actuaUy  takes  place.    I  use  it  too  in 
preference  to  Krenchel's,  only  because  I  think  it  meets  better  the 
kind  of  complete  mdependence  that  there  seems  to  be  m  some  par- 
ticulars between  light  alone  and  colour.    The  iUustration  is  to  be 
Wd  m  the  property  that  certam  bodies  have  of  polarising  light. 
While  light  vibrations  m  aU  directions  wiU  pass  through  many  trans- 
parent media,  only  those  ui  one  direction  wiU  pass  without  mterrup- 
tion  through  the  polarising  crystal;  vibrations  in  planes  at  richt 
angles  to  that  particular  direction  are  altogether  excluded,  and  the 
proportion  of  energy  transmitted  as  light  is  greater  the  more  nearly 
the  direction  of  vibrations  comcides  with  that  in  which  thev  pass 
without  interruption,  and  less  the  more  nearly  it  coincides  with  hat 
at  right  angles  to  this.    Now  let  us  represent  by  way  of  niustration 
as  a  condition  similar  to  that  of  polarised  light  the  state  of  the  S 
ee  ls  m  colour-blindness.    Let  us  say  th^t  whereas  where  normS 
colour_  vision  exists  molecular  movements  or  changes  take  place  in  al 
directions,  m  coloiu-blindness  movements  or  chang°es,  m  one  directio 
only,  result  m  response  to  aU  stimuli,  and  that  that  one  d  i-ect  on 
represents  the  two  complementary  hues  which  are  properly  seen 
It  is  evident  that  there  must  either  be  different  molecular  "states 

diffeZ.r  Y  "'"'^  ^^^^^^^^  consciousness  0 

different  colours,  or  a  power  of  analysing  the  different  intensities  of 
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though  with  varying  mtensity,  to  the  different  physical  stimuinS 
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latter  is  what  must  be  assumed  if  fundamental  colours  are  supposed 
to  have  any  existence.  Now,  inasmuch  as  both  physiolcSical  eC^^^ 
ment  and  pathology  {e.cj.  symmetrical  scotomati  ffom  brat   ei  ons 
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brain  of  the  centres  for  corresponding  points  of  the  two  retinae  it 
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would  be  natiiral  to  supi^osc  that  were  the  consciousness  of  colour 
aroused  by  the  elaboration  in  a  still  higher  centre  of  the  relative 
stimulation  of  different  fundamental  colour  brain-elements,  different 
colours  affecting  simultaneously  corresponding  points  shoidd  be 
blended  into  the  proper  intermediate  colour-impression.  But  this  is 
not  the  case.  This  fact  is,  as  it  seems  to  me,  one  argument  against 
Hering's  hypothesis.  Other  objections  which  may  be  advanced  are, 
that  it  is  by  no  means  always  the  same  hues  which  to  the  colour- 
blind are  altogether  colourless ;  that  there  is  no  consciousness  of 
fundamental  colours ;  and  lastly,  that  the  assumption  is  imnecessary, 
because  although  it  may  offer  an  explanation  for  the  principal  pheno- 
mena of  colour-blindness,  that  condition  may  be  explained  by  making 
assumptions  which,  in  the  present  state  of  our  knowledge,  are  quite 
as  legitimate. 

Hemianopia. — Symmetrical  defects  in  the  fields  of  vision  are 
most  commonly  caused  by  lesions  in  the  optic  nerves,  the  optic 
tracts,  or  the  chiasma.  If  the  defects  lie  to  the  same  side  in 
both  eyes — that  is,  inwards  in  one  and  outwards  in  the  other: — 
the  condition  is  that  which  is  now  generally  called  liomonymous 
hemianopia.  The  hemianopia  may  be  to  the  right  or  left,  and 
partial  or  complete,  just  as  we  have  complete  and  partial,  right 
or  left,  hemiplegia.  It  may  or  may  not  be  associated  with  hemi- 
plegia. I  have  more  often  seen  it  alone,  but  it  is  probable  that 
those  in  whom  the  visual  paralysis  forms  but  a  part  of  the 
whole  lesion  wiU  be  more  frequently  met  with  in  general 
hospitals.  Of  thirty  cases  observed  by  Schweigger,  hemiplegia 
was  absent  in  sixteen  and  present  in  thirteen,  though  in  most 
of  these  it  was  only  slight  and  transitory.  If  the  case  be  recent 
and  uncomplicated,  there  is  no  appearance  of  atrophy  of  the 
nerves.  The  line  of  demarcation  between  the  blind  and  seeing 
portions  of  the  field  is  usually  sharp  and  regular ;  when  the 
hemianopia  is  complete,  it  is  a  line  coinciding  (for  peripheral 
portions  of  the  field,  at  any  rate)  nearly,  if  not  exactly,  with  the 
vertical  through  the  point  of  fixation.  Whether  or  not  it  also 
passes  vertically  through  this  point,  indicating  an  interruption 
in  the  functional  activity  of  half  the  macula  lutea,  is  stiU  a 
disputed  point.  My  own  examinations  of  cases  of  homonymous 
hemianopia  lead  me  to  believe  that  in  some  cases  it  does  so, 
and  in  others  not.  I  have  most  frequently  found  the  immediate 
neighbourhood  of  the  point  of  fixation  (from  2°  to  5°)  appar- 
ently not  implicated ;  but  this  may  possibly  be  owing  to  the 
difficulty  of  securing  accurate  fixation.    The  lesion  producing 
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liomonymous  hemianopia  has  been  found  to  occupy  different 
situations,  viz.,  the  optic  tract,  basal  ganglia,  fibres  of  Gratiolet 
and  the  cortex  of  the  brain  in  the  occipital  lobe. 

The  experiments  of  Munk,  and  the  results  of  post-mortem 
examination,  have  definitely  established  the  existence  of  an 
unilateral  source  of  innervation  for  corresponding  halves  of  both 
retinae.  In  the  cases  where  the  lesion  has  been  cortical,  it  has 
either  been  one  occupying  a  portion  of  the  grey  matter  of  the 
occipital  lobe,  or  pressing  on  the  white  matter  with  which  it  is 
m  connection,  so  that  there  is  Httle  doubt,  now  that  Terrier's 
experiments,  which  led  him  to  localise  the  visual  centres  in  the 


Fig.  108.-Fields  of  vision  from  a  case  of  homonymous  hemianopia  in  whioh 
vision  was  lost  in  the  left  lower  quadrant  of  each  field.  ' 

angular  gyri,  have  given  rise  to  the  hemianopic  symptoms,  owing 
to  a  wounding  of  the  fibres  of  Gratiolet.  ^ 
Important  data  in  connection  with  the  localising  of  lesions 
which  have  led  to  hemianopia  are  afforded  by  the  consideration 
of  the  concomitant  symptoms,  as  well  as  by  the  extent  and  con- 
figuration of  the  blind  area.    An  attempt  has  recently  been 
made  by  Wilbrand  to  make  use  of  the  data  afforded  L  he 
thorough  subjective  examination  of  cases  of  hemianopia,  in  order 
to  arrive  at  a  refinement  of  the  diagnosis  of  the  seat  of  tie  lesion 
Wilbrand  s  work,  though  very  suggestive,  is  necessarily  to  a 
considerable  extent  theoretical.    He  keeps  constantly  ^before 
him,  however,  the  results  of  post-mortem  examinations  whichl 
has  collected,  and  the  views  he  expresses  are  not  inconsis  ent 
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with  the  known  pathology  of  the  subject.  An  analysis  of  the 
subjective  symptoms  of  hemianopia  cases  shows  that  —  (1.) 
When  in  any  homonymous  portions  of  the  fields  of  vision  there 
is  a  defect  in  the  light  sense,  the  defects  in  the  senses  of  form 
and  colour  are  at  least  quite  as  extensive :  (2.)  When  the  light 
sense  remains  intact,  but  a  homonymous  defect  exists  for  form, 
this  is  always  accompanied  by  at  least  as  extensive  a  defect  for 
colours.  Wilbrand  therefore  concludes  that  the  nerve  fibres 
connected  with  the  centres  for  the  senses  of  colour  and  form 
pass  through  the  light  sense  centre.  As,  too,  there  are  cases  on 
record  where  the  colour  sense  alone  in  the  halves,  or  in  some 
particular  homonymous  sectors  of  the  fields  of  vision,  had  dis- 
appeared from  similar  portions,  leaving,  however,  the  light  sense 
intact  in  these  portions,  Wilbrand  draws  the  further  conclusion 
that  the  centre  for  form  must  lie  between  the  centres  for  colour 
and  light,  while  that  for  colour  must  at  the  same  time  occupy 
the  most  central  position  in  the  brain.  Wilbrand  has  collected 
many  examples  of  actual  cases  of  all  the  combinations  which  are 
possible  on  the  above  assumptions.  Further  investigations  are 
called  for  before  his  views  can  be  considered  as  more  than 
speculative.  In  all  the  cases  which  I  have  seen  of  so-called 
hemiachromatopsia,— that  is,  cases  in  which  the  half -blindness 
appears  to  be  only  for  colours,— I  have  been  able  by  testing  with 
very  small  white  objects  at  a  distance,  according  to  Bjerrum's 
method  (see  p.  14),  to  demonstrate  that  the  form- sense 
has  also  been  defective  over  the  same  area.  Indeed,  the 
clinical  evidences  so  far  point  altogether  more  to  the  pro- 
bability of  colour  vision  being  due  to  a  subtle  differentia- 
tion of  light  impressions,  than  to  any  impression  made  upon 
other  centres  than  those  in  which  the  consciousness  of  form 
are  evoked. 

When  the  hemianopia  is  partial,  the  defect  is  generally, 
though  not  always,  of  equal  extent  in  both  eyes. 

Hemianopia  remains  as  a  rule  stationary,  even  although  the 
subjective  symptoms  become,  in  many  cases  after  some  time, 
associated  with  more  or  less  visible  changes  in  the  discs.  Accord- 
ing to  Mauthner,  the  most  marked  atrophic  discoloration  is  found 
in  the  eye  of  the  side  to  which  the  field  is  restricted.  This  point 
requires,  however,  fm-ther  confirmation.  A  very  unusual  form 
of  hemianopia  is  described  by  Forster,  in  which  the  defect  is 
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limited  to  corresponding  insular  portions  in  the  homonymous 
halves  of  the  two  visual  fields. 

Two  other  forms  of  hemianopia  occur,  viz.,  temporal  and 
nasal  hemianopia.  In  the  former  the  outer,  and  in  the  latter 
the  inner  half  of  each  field  of  vision  is  deficient.  They  are  both 
much  rarer  than  the  homonymous  form. 

The  arrangement  of  the  optic  nerve  fibres  renders  the 
locahsation  of  the  lesion  producing  temporal  hemianopia  a 
very  simple  process.  There  is,  of  course,  the  remote  possi- 
bility of  a  symmetrical  lesion  in  the  two  halves  of  the  brain, 
but  apart  from  this,  and  as  by  far  the  most  probable  cause 
of  the  symptoms,  we  must  admit  an  interruption  of  function 


A 


Fig.  109.— Fields  of  vision  from  a  case  of  temporal  hemianopia. 

produced  by  some  destruction  or  compression  of  the  nerve 
elements  of  a  portion  of  the  chiasma.  The  defects  produced  in 
the  function  of  the  nasal  halves  of  each  retina  will  be  more 
complete  and  symmetrical  the  more  the  lesion  is  confined  in  its 
effect  to  an  antero-posterior  hne  through  the  chiasma.  Thus, 
whereas  the  lesion  producing  the  more  common  form  of  homony- 
mous hemianopia  may  be  anywhere  along  the  course  of  the  optic 
nerve  fibres  between  the  chiasma  and  the  cortex  of  the  occipital 
lobe,  and  can  rarely  be  locaHsed  with  any  great  certainty— 
although  concomitant  symptoms  often  afford  a  clue— temporal 
hemianopia  is  almost  certainly  due  to  a  lesion  mainly  implicating 
the  chiasma. 

It  is  difficult  to  form  any  idea  of  the  frequency  of  this  variety 
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of  hemianopia.  Owing  to  the  nature  of  the  defect,  leaving  as  it 
does  a  much  larger  field  for  both  eyes  than  the  homonymous 
form,  the  patient  does  not  as  a  rule  complain  of  blindness  to  one 
side.  The  other  symptoms,  too — amblyopia,  ophthalmoscopic 
changes,  &c. — are  sufficiently  marked  to  engage  the  whole  atten- 
tion of  any  one  who  does  not  make  a  practice  of  examining  the 
peripheral  vision.  Besides,  comparatively  few,  no  doubt,  of  the 
cases  which  have  been  observed  have  been  published.  Mauthner 
believes  that  they  constitute  about  one  per  cent,  of  all  cases  of 
hemianopia,  while  Forster's  estimate  is  twenty-three  per  cent. ; 
the  actual  percentage  probably  lies  between  these  extremes,  and 
considerably  nearer  the  former  than  the  latter.  It  is  obviously 
a  disease  of  too  rare  occurrence  to  furnish  even  approximately 
correct  statistics  from  the  practice  of  any  single  observer,  how- 
ever extensive  his  experience. 

A  good  many  cases  have  come  under  my  own  observation,  and 
in  three  of  them  the  diagnosis — in  two  cases  an  aneurism,  and 
in  the  remaining  one  a  tumour  pressing  on  the  chiasma — was 
confirmed  on  post-mortem  examination.  The  line  of  demarca- 
tion between  the  blind  or  defective  portion  of  the  field  and  the 
normal  one  is  rarely  as  sharp  or  as  vertical  as  in  the  homo- 
nymous form.  The  prognosis  is  not  so  good  either,  most  cases 
going  on  to  complete  blindness.  Some  cases  may  remain 
stationary,  or  recover  to  some  extent.  A  sudden  onset,  with 
subsequent  partial  recovery,  or,  as  sometimes  happens,  blindness 
of  one  or  both  eyes  followed  by  temporal  hemianopia,  is  sugges- 
tive of  an  apoplexy  in  the  neighbourhood  of  the  chiasma.  A 
slight  degree  of  intermittence  in  the  symptoms — slight  improve- 
ment on  certain  days — is  probably  indicative  of  aneurism. 
Eepeated  attacks  of  temporal  blindness,  lasting  several  days  at 
a  time,  and  then  recovered  from,  point  again  to  acute  intra- 
cranial pressure  from  some  cause  or  other. 

ISTasal  hemianopia  is  of  very  rare  occurrence.  The  prognosis 
in  such  cases,  which  must  depend  on  symmetrical  lesions  of  the 
optic  tracts,  is  extremely  bad.  Most,  if  not  all,  lead  eventually 
to  complete  optic  atrophy. 


SECTION  11. 


CHAPTER  XV. 


ERRORS  OF  REFRACTION  AND  ACCOMMODATION. 

The  transparent  media  of  the  eye,  viz.,  the  cornea,  aqueous 
humour,  crystalline  lens,  and  vitreous  body,  are  a,ll  denser  than 
air.  They  offer  a  greater  impedunent  to  the  transmission  of 
those  minute  and  extraordinary  rapid  vibrations  of  the  ether, 
which,  when  they  impinge  on  the  living  retina,  give  rise,  through 
the  medium  of  its  nervous  connection  with  certain  centres  in 
the  brain,  to  the  sensation  of  light. 

Although  light  is  but  the  consciousness  of  a  peculiar  dis- 
turbance or  physical  state  of  matter,  it  is  convenient  to  use  the 
word  light  for  that  state  which  gives  rise  to  it. 

Light,  then,  travels  more  slowly  when  it  enters  the  eye  than 
it  does  in  the  surrounding  air,  the  retardation  being  different  in 
amount  in  the  different  media,  and  greatest  witliin  the  central 
layers  of  the  crystalline  lens. 

ISTow,  unless  the  surface  of  a  denser  transparent  medium  is 
at  right  angles  to  the  direction  of  propagation  of  the  wave 
surface  of  light,  there  is  not  only  a  retardation,  but  a  bending 
or  refraction  of  its  direction  as  well. 

That  this  is  a  necessary  consequence  of  its  retardation  will  be 
evident  from  Fig.  110,  which  represents  the  section  of  the  sui-face  of  a 
wave  of  light  emanating  from  a  far  distant  point.  A  small  portion  of 
the  surface  of  propagation,  or  the  wave  surface,  at  a  great  distance 
from  the  point  of  emanation,  is  approximately  a  plane.  In  the  figure 
the  plane  wave  surface  of  hght  meets  the  denser  medium  (II.) 
obliquely,  so  that  whilst  the  light  at  A  meets  the  surface  at  Aj,  that 
at  B  does  not  reach  it  till  Eg.  By  the  time  B  reaches  the  denser 
medium,  A  has  passed  on  to  A3,  but  as  the  transmission  of  the  dis- 
turbance from  A  is  slower  in  medium  II.  than  medium  I.,  the  distance 
from  A  to  A3  is  less  than  from  B  to  B3.  By  the  time,  therefore,  that 
B  has  reached  the  denser  medium  it  has  pulled  up  somewhat  upon  A, 
whilst  the  intermediate  points  have  all  in  turn  received  an  equal  check 
to  their  rate  of  propagation,  and  the  direction  of  tlie  plane  wave  sm-face, 
instead  of  being  at  right  angles  to  AB  or  AJJj,  is  now  at  right  angles 
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to  A3B3,  and  A^B^,  i.e.,  the  direction  of  the  i^ropagation  of  light  has 
been  changed  through  a  definite  angle. 

For  a  full  explanation  of  how  the  interference  of  portions  of  the 
small  waves  of  disturbance,  passing  from  every  point  of  the  resulting 
wave  surface,  causes  a  change  of  direction  of  the  surface  as  soon  as  the 
denser  medium  is  entered,  the  reader  must  refer  to  works  on  physical 
optics. 

Instead  of  considering  the  change  in  direction  of  the  wave  surface 
of  light,  we  may  merely  consider  that  of  the  lines  at  right  angles  to 
that  surface  or  the  rays  of  light  When  the  surface  is  plane,  i.e., 
when  the  point  from  which  the  light  diverges  is  infinitely  distant, 
these  rays  are  parallel  to  each  other. 

Absolute  parallelism,  in  a  mathematical  sense,  could  only  occur 
when  the  point  from  which  the  rays  emanated  was  at  an  infinite 
distance.    Kays,  however,  which,  emanating  from  a  very  distant  point, 


Fig.  110. 


meet  any  surface,  of  inconsiderable  size  when  compared  with  that 
distance,  deviate  from  each  other  so  slightly,  that  they  may  for  all 
possible  practical  purposes  be  considered  parallel. 

In  Fig.  110,  A  A^,  B  B^  represent  two  parallel  rays,  and  it  is  seen 
that  on  entering  the  denser  medium  they  are  refracted  towards  the 
perpendicular  (P)  to  the  surface  of  that  medium.  Therefore  rays 
passing  from  a  rarer  to  a  denser  transparent  medium  are  refracted 
towards  the  perpendicular  to  the  surface  of  the  denser  medium,  at  the 
points  where  they  meet  that  medium.  The  length,  too,  which  is 
travelled  m  a  definite  time  by  the  rays  in  the  second  medium,  when  that 
is  homogeneous,  bears  always  a  constant  proportion  to  that  travelled 
in  the  same  time  in  the  first  medium,  so  that  AjAg:  B^  B,  = 
AjAg  :  B2B3,  and  this  proportion  evidently  determines  the  degree 
of  the  separation,  and  must  remain  the  same  whatever  be  the 
obliquity  with  which  the  ray  meets  the  refracting  surface.  This 
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constant  proportion  for  any  homogeneous  medium  with  respect  to  air 
is  called  the  index  of  refraction,  and  is  denoted  by     i.e.,  "^^  "^^  = 

In  passing  from  air  into  a  denser  medium  /x  is  evidently  greater  than 

I,  from  a  denser  medium  into  air  less  than  1. 

This  same  proportion  has  been  found  by  experiment  in  another 
way.  Thus  in  Fig.  Ill  are  represented  two  rays  AO  and  CO  traversing 
medium  I.,  and  meeting  the  surface  of  medium  II.  at  different  degrees 
of  obliquity ;  i  and  i'  representing  the  two  angles  of  incidence,  and 
r  and  ?•'  the  two  corresponding  angles  of  refraction,  or  the  angles  which 
the  incident  and  refracted  rays  make  with  the  perpendicular  to  medium 

II.  at  the  poiut  O. 


I 

II 

d' 

D 

B  0 

Fig.  111. 


It  is  found  by  ex]3eriment  that, 

AB  .  A^  ^  CD  .  C^' 
A  0  ■  A'  0      C  0  ■  C  0 

i.e.,  sin.  i!  :  sin  r'  =  sin  i  :  sin  r  =  /j-  (when  medium  I.  is  air),  i.e., 
the  sine  of  the  angle  of  incidence  hears  a  constant  proportion  jj.  to  the 
sine  of  the  angle  of  refraction. 

The  media  of  the  eye  are,  however,  not  only  refractive 
media,  but  are  bounded  by  curved  surfaces,  which  are  approxi- 
mately spherical.  Owing  to  this  circumstance  they  possess  the 
property  of  focussing  rays  which  pass  into  them,  or,  in  other 
words,  of  collecting  them  towards  a  point.  This  is  a  consequence 
of  the  law  of  refraction  just  mentioned,  as  in  the  case  of  curved 
surfaces  the  perpendicular  to  the  surface  at  any  point  coincides 
with  that  of  the  radius  at  that  point.  In  Fig.  112  is  shown  the 
denser  medium  bounded  by  a  spherical  surface,  and  the  parallel 
rays  which  meet  it  bent  towards  a  point  which  is  called  their 
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focxis.  Strictly  speaking,  only  monochromatic  rays  which  suffer 
refraction  at  points  equidistant  from  the  cixis,  or  line  joining 
the  centre  of  the  spherical  surface  with  the  point  from  which 
the  rays  proceed,  are  focussed  at  the  same  point. 

The  distance  separating  the  foci  of  different  hollow  cylinders 
or  cones  of  light,  formed  by  rays  meeting  the  spherical  surface 
at  points  equidistant  on  all  sides  from  this  axis,  differs  not  only 
with  the  degree  of  their  separation,  but  is  also  greater  for  equal 
amounts  of  separation,  the  farther  the  component  rays  are  re- 
moved from  the  axis.  This  gives  rise  to  what  is  called  spherical 
aberration.  In  speaking  of  the  focus  of  any  point  of  light, 
therefore,  what  is  meant,  as  a  rule,  is  that  point  to  which  the 
rays  tend  to  become  gathered,  the  more  nearly  they  coincide 
with  the  axis. 

If  the  point  from  which  the  rays  emanate  be  at  an  infinite 


Fig.  112. — Shows  the  deflection  of  rays  towards  a  focus,/,  when 
the  denser  medium  is  bounded  by  a  curved  surface  whose  centre  is 
at  c. 

distance,  so  that  they  meet  the  refracting  surface  parallel  to 
each  other,  the  focus  of  the  axial  rays  is  called  the  principal 
/ocMS  (Fig.  112/). 

Practically,  in  order  to  obtain  an  approximate  focus,  or,  in 
other -words,  to  get  rid  of  spherical  aberration,  it  is  necessary  to 
exclude  all  but  the  more  axial  rays,  i.e.,  the  aperture  of  the 
spherical  refracting  surface  must  be  small  compared  to  its 
circumference  as  well  as  compared  to  the  distance  from  it  from 
which  the  rays  proceed. 

In  the  eye  spherical  aberration  is  partially  corrected  by  the 
surfaces  of  the  refracting  media  being  not  exactly  spherical,  and 
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by  the  manner  in  which  the  different  more  or  less  centred 
refracting  surfaces  are  relatively  disposed.  The  remaining 
aberration,  which  must  be  pretty  considerable,  seems  to  be  of 
little  consequence,  mainly  probably  on  account  of  the  arrange- 
ment of  the  percipient  elements  of  the  retina  as  discrete  and 
separately  stimulable  end  organs. 

If  we  know  the  radius  of  curvature  and  the  index  of  refraction  of 
any  refracting  medium,  as  well  as  the  distance  of  a  point  of  light  or 
object  from  it,  it  is  easy  to  find  its  focus  or  image.  This  may  he  done 
hy  at  once  assuming  that  the  incident  and  refracted  rays  make  such 
small  angles  with  the  perpendicular,  that  the  values  of  the  angles  may 
be  substituted  for  those  of  their  sines.  But  it  is  better  to  get  an  ex- 
pression for  the  general  reciprocal  values  of  the  distances  of  object 
and  image  along  the  axis  for  every  angle  of  incidence  and  its  corre- 
sponding angle  of  refraction,  and  thpn  to  deduce  the  particular  values, 


u  •■ 

s 

C 

V 

Fig.  11.3. 

on  the  assumption  that  the  aperture  is  so  small,  that  it  may  be 
neglected,  compared  with  the  radius  of  curvature  and  the  distance 
of  the  object.  These  values  are  then  called  the  conjugate  focal  dis- 
tances. In  Fig.  113  we  have,  putting  u  for  the  distance  of  the  object 
and  V  for  the  distance  of  the  image  along  the  axis — 

2i  =  US,  '!;  =  SV  =  SC  +  CV 
=  E  +  CV 

and  C  V  :  K  =  sm  C  P  V  :  sin  C  V  P  =  sin  r  :  sin  (/  -  ?•  -  x)  where 
i  =  /-  of  incidence,  ?•  =  ^  of  refraction,  and  x  =  l.  between  the  two  rays 
which  diverge  from  v. 


sm  {i  -r  -  x) 

13  ^^   ,         sin  r  \ 

.-.  V  =  E  l  +  -— ,  

\       sm     -  ?•  -  X)/ 


CURVED  SURFACES. 

On  expanding  sin  (i  -  r  -  x),  and  remembering  that  sin  «  =  sin  r,  the 
vahie  of  v  becomes 

«  =  r|  1+  7  r—  — 

cos  X  [fx.  COS  ?•  -  COS  I)  -  sin  x  (cos  ^  cos  ?•  +  sin  j 

and,  finally,  putting  for  sin  x  its  value  R  * 


U  +  R 
1 


1  +        .    R  sm  i  cos  r  cos  ^  +  sin  ^'i 

cossin"^ — (u  cos  ?•  -  cos  ^)  -  R  

u  +  K  ^'^  '  M  +  R 


1) 


AVTien  u  is  infinite,  i.e.,  when  the  rays  meet  the  surface  parallel  to 
each  other,  x^o  and  the  expression  for  v  reduces  to — 


«  =  R  1  +   ^  .)  2) 

\       /X  COS  r  -  cos  V/  ' 

The  conjugate  focus  for  u  is  got  by  putting  i  and  ?-  =  o,  that  is,  the 
limit  to  which  the  angles  approximate,  as  the  rays  more  and  more 
coincide  with  the  axial  one,  1)  then  becomes — ■ 

/X  ?t  R 
^  =  «(/x-l)-R 

and  2)  becomes 

v  =  7  J  a.) 

/X-  1 

1  a)  is  usually  written— 

U^  =  ^  IS.) 

The  longitudinal  spherical  aberration,  or  the  distance  along  the  axis 
separating  the  foci  of  the  axial  and  any  other  ray,  is  got,  for  divergino' 
and  parallel  rays,  by  subtracting  respectively  1)  from  1  a,  and  2)  from 

2  ft. 

When  V  is  put  =  co ,  in  1  6),  the  value  of  u  becomes  —  ,  while 

/X-  1 

that  of  V,  when  u  is  put  =  co  ,  is      —-    If  we  denote  these  values 

/X-  1. 

of  u  and  v  respectively  by  /  and  /',  the  priticipal  foci,  we  readily 
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arrive  at  a  formula  which  connects  the  principal  foci  with  any  other 
pair  of  conjugate  foci ;  for,  noticing  that 


1  h)  may  be  written 


and  multiplying  by  / 


This  is  one  of  the  most  important  formulae  in  geometrical  optics,  so 
far  as  the  eye  is  concerned,  and  we  shall  see  that  it  holds  good  for  any 
number  of  centered  refracting  surfaces  as  well,  provided  these  quan- 
tities, /,  /',  u,  and  w,  be  measured  from  certain  points  to  be  afterwards 
considered. 

Besides  spherical  aberration,  the  eye  is  not  free  from  chro- 
matic aberration — that  is  to  say,  that  the  different  rays  of  the 
spectrum  which  are  contained  in  ordinary  daylight  are  not  all 
refracted  to  the  same  extent,  so  that  the  focus  for  the  blue  rays, 
for  instance,  is  shorter  than  that  for  the  red. 

In  considering  the  eye  at  rest,  and  not  exerting  the  power 
which  it  has  of  altering  its  state  of  refraction,  or,  in  other  words, 
of  accommodating  for  the  distance  from  wliich  rays  proceed, 
many  points  may  be  perfectly  well  explained  by  looking  upon  it 
as  consisting  of  only  one  dense  transparent  medium,  bounded  by 
only  one  surface,  instead  of,  as  is  actually  the  case,  being  a  very 
complex  instrument,  with  a  number  of  differently  refracting 
media. 

When  the  eye  is  in  a  state  of  rest,  and  not  exerting  any  of 
its  power  of  accommodation,  i.e.,  when  its  refracting  power  is  at 
its  lowest,  one  of  three  conditions  must  be  represented  in  every 
case : — (1.)  the  principal  focus  (or  the  focus  of  rays  which  meet 
the  eye  parallel  to  each  other,  and  therefore  proceed  from  an 
infinitely  distant  point)  coincides  exactly  with  the  most  sensitive 
portion  of  the  centre  of  the  retina ;  (2.)  the  principal  focus  lies 
in  front  of  the  most  sensitive  portion  of  the  centre  of  the  retina; 
and  (3.)  the  principal  focus  lies  behind  the  most  sensitive  point 
of  the  centre  of  the  retina.    In  the  first  case,  the  eye  is  said  to 


f 

i.e.,  u=-_ 


U     f  '   V  f 


U  V 


(3) 


STATIC  REFRACTION. 


479 


be  emmetropic,  in  the  second  myopic,  and  in  the  third  hyper- 
metropic ;  and  these  conditions  of  refraction  are  called  respec- 
tively cmvutropia,  myopia,  and  hypcrmetropia. 

Emmetropia  in  the  true  sense  is  exceedingly  rare.  Slight 
deviations  in  the  direction  of  either  myopia  or  hypcrmetropia 
are  common,  however;  so  that  the  eyes  which  are  practically 
emmetropic  are  common. 

It  is  evident  that  as  there  are  three  elements  on  which  the 
state  of  refraction  depends — viz.,  the  length  of  the  antero- 
posterior axis  of  the  eye,  the  curvature  of  the  refracting  or 
dioptric  media  of  the  eye,  and  the  refracting  power  of  these 


Fig.  114  shows  the  complete  focussing  of  parallel  rays  in  the  case 
of  emmetropia,  E,  and  incomplete  focussing  in  hypermetropia,  H, 
and  myopia,  M. 


Fig.  115. — Showing  the  stronger  refracting  power  of  the  more 
highly  curved  cornea  (continuous  line). 

media — the  conditions  on  which  myopia  or  hypermetropia 
depend  might  be  abnormal  conditions  of  all  or  any  of  these 
elements.  As  a  matter  of  fact  many  cases  of  myopia  and 
hypermetropia  do  occur  which  are  wholly  or  mainly  caused  by 
some  abnormality  in  each  of  these  directions.  Thus  we  have 
axial  myopia  or  hypermetropia,  due  to  a  too  long  or  too  short 
antero-posterior  axis  of  the  eye  (Fig.  114) ;  curvature  myopia  or 
hypermetropia,  caused  by  too  great  or  too  little  curvature  (Fig. 
115);  and  index  myopia  or  hypermetropia,  as  the  result  of  too 
great  or  too  feeble  refracting  power. 
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The  emmetropic  eye  alone  when  at  rest  is  focussed  for 
parallel  rays.  Eays  diverging  from  a  point  in  front  of  the  eye 
and  suffering  the  same  amount  of  refraction  would  meet  behind 
the  retina,  whilst  rays  converging  to  a  point  behind  the  eye, 
and  also  refracted  to  the  same  extent,  would  meet  in  front 
of  the  retina.  This  is  represented  in  Fig.  116,  in  which  the  con- 
jugate focus  of  rays  diverging  from  A  is  represented  at  A' 
behind  the  retina,  while  the  conjugate  focus  of  rays  converging 
towards  B  is  represented  at  B '  in  front  of  the  retina. 

It  will  be  evident  now  that  a  myopic  eye  {i.e.,  one  in  ^vhich 
the  retina  lies  behind  the  principal  focus  of  the  refracting  media) 
is,  in  a  state  of  rest,  focussed  only  for  rays  diverging  from  some 
point  at  a  particular  finite  distance  in  front  of  it,  and  also  that 
a  hypermetropic  eye  {i.e.,  one  in  which  the  retina  lies  in  front  of 


Fig.  llfj. 


the  principal  focus  of  the  refracting  media)  is  in  a  state  of  rest 
focussed  only  for  rays  which  converge  towards  a  particular  point 
lying  at  a  finite  distance  behind  it. 

Therefore  the  static  refraction  in  emmetropia  leads  to  the 
focussing  of  parallel  rays  on  the  retina,  the  static  refraction  in 
myopia  to  the  focussing  of  diverging  rays  on  the  retina,  and  the 
static  refraction  in .  hypermetropia  to  the  focussing  of  converging 
rays  on  the  retina. 

The  greater  the  divergence  or  convergence  of  the  rays  which 
is  required  in  any  case  in  order  that  they  may  be  focussed  on 
the  retina  the  greater  is  evidently  the  error  of  refraction.  The 
measurement  of  that  error,  or  what  is  called  the  degree  of 
ametropia,  is  given  by  the  distance  from  the  anterior  part  of  the 
eye  from  which  the  rays  focussed  on  the  retina  diverge,  or 
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towards  which  they  converge.  The  smaller  this  distance  is  the 
greater  is  the  ametropia.  This  distance  is  also  called  the 
distance  to  \X\q  far  point  of  the  eye.  The  far  point  is  therefore 
that^  point  from  which  rays  which  meet  on  the  retina  of  the 
eye  in  a  state  of  rest  diverge,  or  to  which  they,  converge. 

The  far  point  in  myopia  lies  consequently  at  a  finite  distance 
in  front  of  the  eye,  whilst  in  hypermetropia  it  lies  at  a  finite 
distance  behind  the  eye.  The  far  point  in  myopia  is  also  said 
to  be  positive,  in  hypermetropia  negative.  In  the  case  of  emme- 
tropia  the  far  point  lies  at  an  infinite  distance  from  the  eye, 
because  only  then  are  the  rays  which  proceed  from  a  point  truly 
parallel. 

Practically,  emmetropia  is  considered  to  exist  in  any  case 
where  the  far  point  lies  not  nearer  than  6  metres  in  front  of  or 
behind  the  eye.    In  the  condition  of  static  refraction,  then,  an 


a 


d 


Tig.  117.— Different  forms  of  convex  and  concave  spherical  lenses. 


emmetropic  eye  obtains  a  clear  image  of  objects  at  a  distance. 
A  myopic  eye  in  the  same  condition  obtains  a  clear  image  of 
objects  which  lie  at  the  distance  of  its  far  point.  To  a  hyper- 
metropic eye  at  rest,  however,  no  objects,  near  or  distant,  are 
seen  cUstinctly,  as  rays  from  every  real  object  must  diverge,  and 
the  hypermetropic  eye  is  only  focussed  for  converging  rays.' 

Spherical  Xmses.— Before  proceeding  any  further,  we  must 
consider  the  action  of  spherical  lenses,  that  is  to  say,  portions 
of  highly  refracting  , transparent  substances  bounded  by  two 
spherical  surfaces  whose  centres  lie  on  the  same  line  which  is 
called  the  axis  of  the  lens,  or  by  one  spherical  and  one  plane 
surface.  The  substances  of  which  lenses  used  for  most  optical 
purposes  are  made  are  glass  and  crystal. 

Certain  names  are  given  to  lenses,  according  to  the  shape 
of  their  two  surfaces.     When  both  are  convex  the  lens  is 
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called  biconvex.  When  Loth  are  are  concave,  it  is  said  to  be 
biconcave.  When  one  surface  is  plane,  the  lens  is  either  plano- 
convex or  plano-concave,  according  as  the  remaining  surface  is 
convex  or  concave.  Two  other  forms  of  splierical  lenses  are 
made,  in  which  the  one  surface  is  convex  and  the  other  concave, 
but  with  diiTerent  radii  of  curvature.  When  the  convex  surface 
has  the  greatest  curvature,  i.e.,  the  smallest  radius,  the  lens  is  a 
convex  meniscus  (Fig.  117,  c),  when  the  concave  surface  has  the 
greatest  curvature  or  least  radius  the  lens  is  called  a  concave 
meniscus  (Fig.  117,/). 
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Fig.  118. — Showing  the  action  of  a  biconvex  lens  in  bringing  rays  to  a  focus. 


U                               C  V 

Fig.  119. — Showing  the  action  of  a  biconcave  lens  in  dispersing  incident  rays. 

If  we  draw  radii  to  the  two  surfaces  at  the  point  where  rays 
proceeding  from  any  point  on  the  axis  meet  these  surfaces,  we 
may  easily  see  how  the  lenses  must  act  in  refracting  the  rays. 
In  Figs.  118  and  119,  C  and  C  are  the  centres  respectively  of 
the  two  surfaces  of  a  biconvex  and  biconcave  lens.  The  rays 
in  passing  into  the  lens  are  bent  towards  the  perpendicular  to 
the  first  surface,  whilst  in  passing  out  of  it,  as  they  then  pass 
from  a  denser  to  a  rarer  medium,  they  are  bent  away  from  the 
perpendicular  to  the  second  surface.    This  causes,  in  the  case  of 
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a  biconvex  lens,  a  double  bending  towards  the  axis,  on  some 
point  of  which,  and  on  the  other  side  of  the  lens,  rays  proceeding 
from  any  point  of  the  axis  tend  to  become  focussed.  In  the 
case  of  a  biconcave  lens  there  is  produced  in  a  similar  manner  a 
double  bending  of  rays  away  from  the  axis,  and  they  are  thus 
given  a  divergence  as  if  they  proceeded  from  some  point  on  the 
axis,  on  the  same  side  as,  but  nearer  to  the  lens  than  the 
luminous  point  from  which  these  rays  actually  proceed.  The 
convex  lens  therefore  collects  rays,  whereas  the  concave  lens 
disperses  them. 

Just  as  in  the  case,  too,  of  a  smgle  refracting  surface,  so  in 
the  case  of  a  lens,  the  focus  of  parallel  rays  is  called  the 
,  principal  focus,  whilst  any  other  two  points  which  stand  in  the 
relation  of  object  and  image  to  each  other  are  called  conjugate 
foci. 

The  principal  focus  in  the  case  of  a  convex  lens  lies  on  the 
other  side  of  it  from  that  from  which  the  rays  proceed,  and  is 
rm^—that  is  to  say,  the  rays  actually  are  collected;  and 
although,  owing  to  spherical  aberration,  they  do  not  meet  in 
a  mathematical  point,  still  the  more  axial  ones  are  practically 
focussed.  Convex  lenses  are  therefore  called  positive  or  phts 
lenses. 

The  principal  focus,  agam,  of  a  concave  lens  lies  on  the 
same  side  of  the  lens  as  that  from  wliich  the  rays  proceed, 
and  is  virtual— \h^\,  is  to  say,  the  rays  do  not  actually,  but  only 
apparently,  proceed  from  the  focal  point.  Concave  lenses  are 
therefore  called  negative  or  minus  lenses. 

The  relation  between  object  and  image  in  the  case  of  a  lens  is 
easily  got  if  we  adhere  to  the  restriction,  which  very  much  simplifies 
the  calculation,  of  supposing  the  rays  to  be  sufficiently  nearly  axial  to 
obviate  spherical  aberration. 

Proceedhig  in  the  same  dhect  manner  to  find  the  focus  for  any 
ray  passing  through  a  lens,  as  was  done  for  one  refractincr  surface  we 
arrive  at  a  formula  which  is  very  long  and  unwieldy,  but  which  easily 
reduces  under  the  limiting  conditions  which  are  postulated  It  is 
better  to  consider  the  distance  of  the  image  formed  by  the  first 
refraction  of  a  point  on  the  axis,  the  rays  from  which  are  nearly  axial 
as  the  object  distance  with  respect  to  the  second  refractincr  surface' 
and  apply  the  formula  \b.  In  doing  so  we  make  the  assumption  that 
the  rays  from  a  point,  after  refraction  mto  tlie  first  medium  ijroceed 
towards,  or  appear  to  proceed  from,  another  point,  to  which  after 
retraction  into  the  second  medium,  a  corresponding  third  point  must 
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exist,  which  -will  be  the  image  of  the  first  point.  Writing  1&  with  a 
dash  to  each  letter  thus — 

1      jl  ^[M  —\ 

we  denote  the  relation  existing  between  object  and  image  distance 
with  respect  to  the  second  surface,  i.e.,  for  rays  passing  from  the  lens 

into  air.    In  this  case  [m  is  evidently  equal  to  -  and  u'  =  t-v,  or  if 

we  neglect  the  thickness  of  the  lens  {t),  2t'  =  u.  Putting  in  these 
values  the  formula  becomes — 

1  i 


and  multiplying  by  /a- 


neglecting  t,  and  putting  for  ^  its  value  from  \h  we  get 
1    1    u-1  ,         rl  1-| 

Then,  writing  instead  of  v,  v  which  now  represents  the  distance  of 
the  image  from  the  lens  : — 

This  equation  represents  the  relation  Avhich  exists  between  object  and 
image  distance,  for  refraction  through  any  lens.  R  is  reckoned 
positive  when  the  direction  from  surface  to  centre  is  the  same  as  that 
of  the  incident  light. 

If  u  be  taken  infinite  we  get  for  the  reciprocal  value  of  /'  the 

principal  focus — 

■  ■  ■  ^''■) 
.-.  i,=i+i ....  «.) 

/     u  w 

By  making  v  infinite  we  get  the  same  value  for  ^.  Therefore, 
when  the  thickness  of  the  lens  is  neglected  we  have  /'  =/. 

The  sign  of  which  determines,  as  we  have  seen,  the  character  of 
the  lens,  is  given  by  the  signs  and  relative  values  of  R  and  E'.  In 
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tho  ordinary  biconvex  lens,  witli  equal  curvature  of  both  surfaces, 
R  =  E.',  and  they  are  of  different  signs  :        becomes — 

Further,  as  for  ordinary  crown  glass,  ft  is  approximately  1-5  (1-534 
according  to  Brewster),  /=  R  approximately,—  that  is,  the  focus  of  a 
common  glass  lens  is  equal  to  the  radius  of  curvature  of  its  surfaces. 

From  46)  it  is  easily  seen  that  as  /=/,  formula  3)  also  holds 
good  in  the  case  of  a  lens  when  the  thickness  is  neglected,  because 
multiplying  by  /  we  get — 


u  V 


3.) 


It  is  sometimes  of  use  in  problems  connected  with  the  eye  to 
consider  the  relation  existing  between  the  distance  of  the  object  from 
the  anterior  focus  {u  -/)  and  that  of  the  image  from  the  second  focus 
{«-/)  :— 


From  3  we  have 


u  = 


Jv__ 
v-f 
fv 


ff 


Similarly  : 


Also  from  a  and  /3 


V  -f  : 


ff 


(a.) 


~f 


m 

(«-/)  {v-f')=fr  (y.) 


5.) 


Use  of  spherical  lenses  in  ametropia.— We  heave  seen  that 
in  myopia  the  eye  is  too  powerfully  refracting  relatively  to 
the  position  of  the  retina,  i.e.,  from  some  causes  or  other  its 
collecting  power  is  too  great.  This  may  be  rectified  by 
putting  in  front  of  it  a  concave  or  negative  lens,  the  strength 
of  which  is  just  sufficient  to  counteract  that  portion  of  the 
collective  power  of  the  refractive  media  of  the  eye  at  rest, 
which  is  in  excess  of  what  is  required  to  focus  rays  coming  from' 
distant ^  points  on  the  retina.  On  the  other  hand,  in  hyper- 
metropia  the  collecting  power  of  the  refracting  media  of  the 
eye  is  insufficient,  and  this  again  may  he  corrected  by  putting 
m  front  of  the  eye  at  rest  a  convex  or  positive  lens,  the  strength 
of  which  is  just  sufficient  to  supplement  the  defective  amount. 
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The  concave  lens  which  corrects  the  myopia  in  any  particular 
case,  or  the  convex  glass  which  corrects  any  particular  case  of 
hypermetropia,  is  that  one  which,  placed  at  a  convenient  distance 
in  front  of  the  eye,  produces  in  the  state  of  static  refraction  of 
the  eye  the  most  accurate  focussing  of  rays  from  a  distant  point 
(parallel  rays)  on  the  retina. 

The,  glass  in  each  case  miost  he  one  whose  faced  distance  equals 
its  distance  {measured  from  its  position  in  front  of  the  eye)  from 
the  far  point  of  the  eye.    It  must  therefore  have  a  shorter  focus 


Fig.  120. — Action  of  a  concave  lens  in  front  of  the  eye,  causing 
parallel  rays  to  enter  the  eye  as  if  proceeding  from  a  finite  point  in 
front  of  it. 


'Fig.  121. — Showing  action  of  a  convex  lens  placed  in  front  of  the 
eye,  causing  parallel  rays  to  enter  the  eye,  as  if  directed  to  a  point 
at  a  finite  distance  behind  the  eye. 

the  nearer  the  far  point  lies  to  the  eye.  In  other  words,  the 
higher  the  ametropia,  the  stronger  must  be  the  correcting  lens. 

It  also  follows  from  the  above  definition  of  the  correcting 
glass  that  the  nearer  it  lies  to  the  far  point  of  the  eye  the 
stronger  it  must  be. 

In  myopia  the  far  point  lies  at  a  finite  distance  in  front  of 
the  eye,  therefore  the  strength  of  a  concave  glass  in  order  to 
correct  any  definite  degree  of  myopia  must  be  greater  the  further 
it  is  placed  from  the  eye.  From  this  it  follows  tliat  the  effect 
of  a  concave  glass  of  definite  strength  on  myopia  is  %oeahcned  by 
removing  it  from,  and  strengthened  hy  approximating  it  to,  the  eye. 
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In  hyperinetropia  the  far  point  lies  at  a  finite  distance 
behind  the  eye,  consequently  the  convex  glass  which  corrects 
any  definite  amount  of  hypermetropia  must  he  weaker  the 
further  it  is  placed  from  the  eye.  From  this,  too,  it  follows 
that  the,  effect  of  a  convex  glass  of  definite  strength  on  hypermetropia 
is  strengthened  hy  removing  it  from,  and  weakened  ly  approximat- 
ing it  to,  the  eye. 

The  nature  of  the  correction  effected  by  a  lens  placed  in 
front  of  an  ametropic  eye  is  therefore  to  give  such  a  direction  to 
parallel  rays  that  they  converge  towards,  or  appear  to  diverge 
from,  the  far  point  of  the  eye.  This  is  seen  in  Figs.  120  and 
121,  which  represent  respectively  the  correction  of  myopia  by 
means  of  a  concave  lens,  and  of  hypermetropia  by  means  of  a 
convex  lens. 

Numbering  of  lenses. — Lenses  are  numbered  according  to 
the  length  of  their  focus ;  that  which  has  a  focal  length  equal 
to  1  metre  being  now  looked  upon  as  ha^dng  the  unity  of  re- 
fractive power,  positive  or  negative,  and  therefore  being  called 
1-0,  or— 1-0.  A  lens  of  this  power  is  called,  too,  a  lens  of  1 
dioptre,  or  shortly,  1  D.  One  only  half  the  refracting  power 
of  a  1  D.  lens,  and  which  has  therefore  a  focal  distance  of  2 
metres,  is  numbered  0-50,  and  one  of  twice  the  power,  i.e.,  with 
a  focal  cUstance  of  J  metre,  2-0,  or  2  D.,  and  so  on. 

Lenses  used  as  spectacles  seldom  require  to  be  stronger  than 
20  dioptres,  positive  or  negative— that  is,  20  times  as  strong  as 
a  +1-0  or  —1-0  lens,  and  having  1  D.  more  refracting  power 
than  a  No.  19-0,  2  dioptres  more  refracting  power  than  a 
No.  18'0,  and  so  on. 

Every  unit  of  difference  corresponds,  then,  to  an  equal  in- 
crease or  decrease  in  refracting  power. 

The  usual  trial  cases  contain  the  following  spherical  lenses, 
both  plus  and  minus  : — 
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In  all,  sixty-four  different  spherical  lenses.  In  most  cases  there 
are  two  of  each  number. 

Tor  those  who  are  not  constantly  working  at  the  correction 
of  errors  of  refraction,  such  a  large  number  of  trial  lenses  is 
unnecessary.  By  the  combinatioai  of  two  lenses  when  required, 
any  number  from  — 15'0  to  +17'0  can  be  obtained  at  intervals 
of  1  D.  apart  with  the  following  nine  lenses  : — 


Supposing,  now,  an  eye  to  be  focussed  for  parallel  rays,  either 
owing  to  its  own  formation  or  as  the  result  of  an  optical  correc 
tion  such  as  we  have  considered,  it  will,  when  at  rest,  receive  no 
distinct  image  of  objects  near  at  hand.  All  that  is  necessary, 
however,  in  order  that  the  retinal  image  of  any  object  at  any 
distance  should  be  distinct,  is  that  the  rays  proceeding  from  it 
should  be  given  such  a  direction  as  if  they  came  from  a  distance, 
i.e.,  that  the  greater  or  less  divergence  of  such  rays  should  be 
converted  into  parallelism.  This  could  obviously  be  done  by 
placing  a  convex  lens  in  front  of  the  eye,  the  focus  of  which 
lens  coincided  with  the  position  of  the  object,  and  whose  strength 
would  therefore  have  to  be  less  the  nearer  it  lay  to  the  eye.  To 
take  an  instance : — An  object  lies  at  the  distance  of  \  metre 
from  the  eye — the  eye  is,  however,  only  focussed  for  distant 
objects ;  whatj  lens  must  be  placed  in  front  of  it,  so  that  the 
near  object  may  be  seen  distinctly  ?  The  lens  whose  focal 
distance  equalled  \  metre,  or  a  lens  of  4-0  dioptres,  would 
evidently  approximately  do  so,  and  the  more  accuratel}-  the 
nearer  it  lay  to  the  eye.  But  as  it  could  not  actually  be  placed 
within  the  eye,  its  action  would  always  be  a  very  little  too  weak. 
Practically  it  would  come  to  be  placed  from  15-20  millimetres  in 
front  of  the  position  in  which  it  would  produce  its  greatest  pos- 
sible effect ;  so  that  instead  of  rendering  the  rays  diverging  froui 
\  metre  or  250  millimetres  in  front  of  the  eye  parallel,  it  would 
produce  parallehsm  of  rays  emanating  from  a  point  265-270 
millimetres  in  front  of  the  eye.  The  true  correcting  glass  in 
the  case  of  the  \  metre  distant  object  would  evidently  then  be 
one  whose  focal  distance  was  235  millimetres,  or  less,  instead 
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of  250  millimetres.    ISTow,  what  lens  has  a  focal  distance  of 
235  millimetres  ?    We  have  seen  that  focal  distances  and  the 
number  given  to  lenses  are  reciprocal  quantities  ;  if  we  cal- 
culate in  fractions  of  a  metre,  therefore,  by  dividing  235  into 
1000,  we  should  get  the  number  of  the  required  lens :  this 
gives  approximately  4-25.    Obviously,  the  nearer  the  object 
which  has  to  be  seen  distinctly  lies  to  the  eye,  the  greater 
would  be  the  difference  between  the  strength  of  the  lens  which 
would  be  required  to  be  added  to  the  refractive  power  of  the 
eye  itself,  and  that  which  might  produce  the  same  effect  on 
being  placed  outside  it.    So  that,  taking  the  same  distance  of 
15  milHmetres  as  that  at  which  the  lens  would  lie  in  front  of 
the  point  within  the  eye  from  which  the  measurement  is  made 
(a  point  whose  position  and  importance  will  be  afterwards  con- 
sidered), there  would  be  a  difference  of  one  whole  dioptre  so 
soon  as  15  millimetres  made  the  linear  difference  between  the 
focal  distances  of  the  two  lenses.    This  is  already  the  case 
with  lenses  rather  less  than  8  and  9  dioptres  strength,  while 
an  addition  of  14  dioptres  to  the  crystalline  lens  itself  would 
be  equivalent  to  that  of  nearly  18  dioptres  placed  in  the  posi- 
tion in  question  in  front  of  the  eye. 

It  will  now  be  apparent  that  should  the  eye  not  of  itself  be 
so  formed  as  to  focus  parallel  rays  on  the  retina,  the  glass  which 
renders  this  possible,  and  wliich  therefore  either  diminishes  or 
increases  its  refractive  power,  must  be  subtracted  from  or  added 
to  the  lens  otherwise  required  to  give  a  distinct  image  of  an 
object  at  any  particular  distance.    Thus,  if  a  myopic  individual 
requires  a  —2-0  lens  to  see  a  distant  object  distinctly,  he  will 
require,  as  long  sis  the  refracting  power  of  the  eye  remains  un- 
altered, a  lens  of  4-0  -  2-0,  or  -f-  2-0,  to  focus  distinctly  an 
object  at  a  little  more  than  \  metre  distant.    On  the  other 
hand,  a  hypermetropic  individual  who  can  only  see  distant 
objects  distinctly  with  a  +  2-0  lens,  would  require  one  of  4-0 
-f-  2-0,  or  -I-  6-0,  to  focus  an  object  of  a  little  more  than  \ 
metre  distance.    A  lueaker  lens  is  therefore  required  for  the 
focussing  of  near  objects  in  myopia  ;  and  a  stronger  lens  in  hyioer- 
mctropia  than  is  required  in  emmetropia. 
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Accommodation. 

So  far  we  have  supposed  the  eye  to  be  constantly  exhibiting 
the  same  degree  of  refraction,  that  which  results  from  the 
relative  positions  and  curvatures  of  its  various  refractive  media 
when  uninfluenced  by  any  circumstance  by  which  these  may  be 
modified.  The  eye  is,  however,  able  by  a  muscular  effort  to 
increase  the  strength  of  its  refracting  power,  or,  in  other  words, 
to  accommodate  itself  for  the  vision  of  near  objects.  This  is 
effected  by  an  increase  in  curvature  of  the  surfaces,  and  conse- 
quent lengthening  of  the  antero-posterior  diameter,  of  the  crys- 
talline lens.  It  is  mainly  the  anterior  surface  whose  curvature 
alters.  The  effect  of  this  is  to  add  a  convex  meniscus  to  the 
lens,  the  refractive  strength  of  which  meniscus  gives  the  measure 
of  accommodation,  so  that  we  talk  of  2,  3,  4,  10,  or  14  dioptres 
of  accommodation,  according  to  the  power  of  this  additional  lens 
within  the  eye ;  that  is  to  say,  that  when,  for  instance,  an  eye 
alters  its  accommodation  from  that  required  for  seeing  an  object 
at  a  distance  to  that  required  for  focussing  accurately  one  at  xV 
metre,  it  has  altered  its  power  of  refraction  to  exactly  the  extent 
which  would  correspond  to  the  placing  of  a  10  dioptres  glass 
lens  (whose  thickness  was  neglected)  immediately  in  contact 
with  the  crystalline  lens.  The  eye  is  then  said  to  have  exerted 
10  dioptres  of  accommodation. 

We  have  seen  that  the  point  for  which  the  eye  at  rest  is 
f ocussed  is  caUed  the  far  point.  The  point,  on  the  other  hand, 
for  which  the  eye  is  adapted  when  exerting  its  full  power  of 
accommodation — that  is  to  say,  the  point  which  in  the  strongest 
state  of  refraction  of  the  eye  has  its  conjugate  focus  on  the 
retina — is  called  the  near  point. 

The  focal  strength,  again,  of  that  addition  to  the  lens  which 
brings  the  adaptation  from  the  far  to  the  near  point,  measures 
the  breadth  or  range  of  accoimnodation  in  each  case.  Thus,  if  A 
denote  the  value  in  dioptres  of  the  accommodative  change,  and 
F  and  IST  respectively  the  values  of  the  lenses  in  dioptres  whose 
focal  distances  measured  from  the  eye  would  coincide  with  the 
far  and  near  points  of  the  eye,  we  have  A  =  !N"— F. 

It  is  evident  that  equal  ranges  of  accommodation  may  co- 
exist with  different  positions  of  far  and  near  points.  Thus 
there  is  the  same  change  in  refractive  power  produced  by  an 
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addition  of  5  dioptres  within  an  eye  focnssed  for  parallel  rays, 
as  there  is  by  the  same  addition  of  5  dioptres  in  the  case  where 
it  is  already  focnssed  for  a  distance  of  i  metre.  Yet  the  linear 
distance  between  the  two  points  focnssed  for  differs  very  con- 
siderably, reaching,  in  the  first  case,  from  an  infinite  distance 
to  20  centimetres  or  8  inches  from  the  eye,  in  the  second,  from 
20  centimetres  to  10  centimetres,  a  linear  difference  of  4  inches. 
In  both  cases.  A,  the  range  of  accommodation  =5-0  in  the  first, 
because  N"  =  5-0  and  E  =  0;  and  in  the  second,  because  ISr  =  10 
and  r  =  5-0. 

The  accommodation  is  said  to  be  positive  when  the  eye,  from 
being  focnssed  for  a  more  distant  object,  is  adapted  for  the  vision 
of  a  nearer  one ;  negative,  when  the  change  in  accommodation 
takes  place  in  the  opposite  direction,  and  the  refractive  power 
of  the  eye  is  diminished.  A  positive  change  in  accommodation 
is  occasioned  by  a  muscular  effort ;  a  negative  change,  on  the 
other  hand,  is  a  result  of  a  cessation  of  more  or  less  of  the 
muscular  contraction,  so  that  the  eye  in  a  state  of  rest,  as  far  as 
muscular  effort  is  concerned,  is  focnssed  for  its  far  point. 

Helmholtz,  who  first  discovered  that  this  alteration  in  the 
curvature  of  the  surfaces  of  the  crystalline  lens  occurred  during 
accommodation,  and  was  sufficient  to  account  for  the  change  of 
refraction  produced,  also  gave  the  following  explanation  of  how 
these  alterations  are  brouglit  about.    In  the  position  of  rest,  the 
lens  is  compressed  in  the  direction  of  its  axis,  and  more  par- 
ticularly on  its  anterior  surface,  by  the  fibres  of  its  suspensory 
ligament  (the  zonule  of  Zinn),  which  are  under  a  certain  degree 
of  tension.    When  this  tension  is  released,  the  lens,  owing  to 
its  elasticity,  or,  more  correctly,  the  elasticity  of  its  capsule, 
becomes  thicker,  the  curvature  of  its  anterior  surface  under- 
going a  very  considerable  increase,  whilst  there  is  a  sunultaneons 
slight  increase  in  the  curvature  of  its  posterior  surface  as  well. 
The  cause  of  the  release  of  the  tension  on  the  fibres  of  the 
zonule  is  the  contraction  of  the  ciliary  muscle.    When  this 
muscle  contracts  it  approximates  the  two  ends  to  which  it  is 
attached,  viz.,  the  choroid  on  the  one  hand,  and  the  tissues  form- 
ing the  angle  of  the  anterior  chamber  on  the  other.    In  this 
way  the  position  of  attachment  of  the  zonule  fibres  is  drawn 
forward,  and  the  tension  which  they  exert  on  the  lens  capsule 
diminished.    The  retraction  of  tlie  anterior  attachment  of  tlie 
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ciliaiy  muscle  causes  a  deepening  of  the  peripheral  portion  of  the 
anterior  chamber  during  accommodation,  whilst  at  the  same 
time  the  central  portion  of  the  chamber  is  shallowed  by  the 
bulging  forward  of  the  anterior  surface  of  the  lens,  and  the  con- 
sequent slight  advancement  of  the  pupil.  During  accommoda- 
tion there  is  also  a  contraction  of  the  pupil. 

It  follows  from  what  has  been  said  with  reference  to  the 
mechanism  of  accommodation  that  this  power  is  entirely  absent 
when  the  lens  is  absent  from  the  eye.^ 

The  range  of  accommodation,  depending,  as  it  does,  on  the 
extent  to  which  the  curvature  changes  take  place  in  the  crys- 


FiG.  122.— Diagram  showing  position  of  lens,  &c.,  in  eye  at  rest  and  in 
accommodated  eye  (after  Fuchs). 


talline  lens,  in  response  to  the  action  of  the  ciliary  muscle,  is 
influenced  by  the  consistency  of  the  lens  substance,  as  well  as 
by  the  functional  activity  of  the  ciliary  muscle  or  the  nerves 
which  supply  that  muscle.  Diminution  in  the  range  of  accom- 
modation, due  to  changes  which  take  place  in  the  lens,  is  physio- 
logical in  so  far  as  such  diminution  slowly  and  gradually  takes 
place  during  life ;  probably  not  l^eginning,  however,  till  after  the 

^  For  further  particulars  in  connection  mth  accommodation,  as  well  as  a  dis- 
cussion of  the  experiments  on  which  this  explanation  is  given,  the  reader  may  be 
referred  to  Helmholtz's  Phys.  Optics,  second  edition,  page  12. 
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first  few  years  of  childhood.  Although,  therefore,  not  absolutely 
identical,  there  exists  a  very  similar  range  of  accommodation  in 
all  individuals  of  the  same  age,  the  range  being  less  the  older  the 
individual,  until  it  completely  disappears,  and  no  power  remains 
of  altering  the  refraction  of  the  eye. 

The  linear  distance  separating  the  far  and  near  points — or, 
shortly,  the  position  of  the  range  of  accommodation — depends,  on 
the  other  hand,  upon  the  state  of  refraction  of  the  eye ;  but  it, 
too,  may  change  with  age,  owing  to  the  tendency  which  the  condi- 
tion of  refraction  has  to  alter  at  different  times,  more  especially 
up  to  the  period  of  full  growth,  and  after  the  age  of  sixty. 

The  most  favourable  position  of  the  range  of  accommodation 
is  that  which  admits  of  the  focussing  of  objects  through  the 
greatest  distance.    This  is  what  occurs  in  emmetropia,  and  in 
cases  of  ametropia  where  the  ametropia  is  fully  corrected.  In 
hypermetropia,  when  the  range  of  accommodation  is  consider- 
able, and  the  hypermetropia  not  of  high  degree,  the  position  of 
the  range  of  accommodation  is  also  favourable,  i.e.,  although  a 
certain  portion  is  required  for  the  adaptation  of  the  eye  for 
distant  vision,  there  still  remains  a  sufficient  amount  to  enable 
it  to  focus  objects  at  a  distance  near  enough  for  all  practical 
purposes.    The  position  of  the  range  of  accommodation  is  most 
unfavourable  in  myopia,  as  in  no  state  of  active  or  passive 
refraction  is  it  possible  for  the  unaided  eye  to  get  properly 
distinct  images  of  distant  objects,  so  that  its  accommodative 
range  only  serves  the  purpose  of  adapting  it  for  vision  of  near 
objects, — the  linear  distance  corresponding  to  the  same  accom- 
modative range  being  of  course  smaller,  and  consequently  less 
serviceable,  the  higher  the  degree  of  the  myopia.    Indeed,  even 
when  the  myopia  is  by  no  means  considerable,  say  4  dioptres  in 
amount,  the  range  of  accommodation  which  the  eye  possesses  is, 
unless  the  error  be  corrected,  of  little  practical  use,  as  few 
objects  require  to  be  looked  at,  at  a  shorter  distance  than  | 
metre.    Myopia  of  that  degree,  at  a  time  of  life  when  there 
exists  a  range  of  accommodation  of  say  10  dioptres,  is  associated 
with  greater  inconvenience,  so  far  as  the  possibility  of  receiving 
distinct  images  of  objects  at  different  distances  is  concerned, 
than  a  hypermetropia  of  the  same  degree,  and  with  the  same 
accommodative  range,  6  dioptres  of  which,  after  4  dioptres  have 
been  employed  to  adapt  the  eye  for  parallel  rays,  cover  the 
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distance  from  the  most  distant  objects  to  those  only  \  metre 
from  the  eye. 

It  will  now  be  readily  understood  that  more  is  usually 
effected  by  the  correction  of  ametropia  than  the  mere  optical 
adaptation  of  the  unaccommodated  eye  for  the  focussing  of 
parallel  rays.  In  all  cases  where  a  fair  range  of  accommodation 
still  remains,  the  position  of  the  range  is  thereby  at  the  same 
time  displaced,  so  as  to  become  as  favourable  as  possible. 

The  contraction  of  the  pupil,  which  occurs  along  with  efforts 
at  accommodation  and  convergence  of  the  visual  axis,  is  of  more 
or  less  service  in  extending  the  range  of  distinct  vision.  On 
account  of  the  smallness  of  the  pupil  and  consequent  diminu- 
tion in  the  size  of  the  circles  of  diffusion,  the  position  at 
which  ordinary  sized  print,  such  as  that  used  in  newspapers, 
can  be  seen,  lies  considerably  within  the  real  near  point,  or 
that  for  which  the  eye  is  actually  focussed. 

The  determination  of  the  range  of  accommodation  (A)  in  a 
large  number  of  individuals  of  different  ages  was  made  by 
Bonders,  who  obtained  an  average  for  different  ages  from  which 
he  plotted  a  curve  (Fig.  123)  in  which  the  ordinates  represent  the 
age  and  the  abscissfe,  the  corresponding  ranges  of  accommoda- 
tion measured  in  dioptres.  This  curve  enables  its  to  see  at  a 
glance  what  is  the  average  range  of  accommodation  for  any  age 
and  conversely  gives  for  a  certain  range  of  accommodation  the 
average  age  at  which  that  range  is  found. 

The  curve  gives,  too,  the  actual  position  of  the  near  point 
corresponding  to  any  age,  supposing  the  eye  to  be  emmetropic. 
By  merely  displacing  the  curve  upwards  or  downwards,  the 
position  of  the  near  point  at  the  same  age  (and  indicated  in  the 
same  way  by  the  number  of  the  dioptre  lens  having  an  equiva- 
lent focal  length)  for  any  degree  of  myopia  or  hypermetropia  is 
obviously  also  given,  as  it  is  clear  that  this  must  be  got  by 
merely  adding  or  subtracting  the  value  of  the  far  point  lens. 
Thus  in  myopia  of  5'0  dioptres  according  to  the  diagram  at 
ten  and  twenty  years  of  age,  the  distance  of  the  near  point  from 
the  eye  would  be  respectively  represented  by  the  focal  distance 
of  a  lens  of  14-0  +  5-0  =  19-0  and  10-0 +  5-0  =  15-0  dioptres,— t.c, 
it  would  be  in  the  first  case  instead  of  of  a  metre  distant 
from  the  eye  (a  linear  difference  of  about  19  millimetres),  and 
in  the  second  yV  instead  of  xV  metre  from  the  eye  (a  linear 
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difference  of  over  33  millimetres).  And  whilst  in  ametropia  the 
near  point  has  usually  at  about  the  age  of  sixty-four  receded  so 
as  to  be  infinitely  distant,  an  individual  whose  myopia  at  tliat 
age  was  5-0  would  still  have  a  near  point  rather  within  i  of  a 
metre  from  the  eye.  Again,  taking  a  case  of  hypermetropia 
5-0 ;  we  should  have  the  average  near  point  at  ten  and  twenty 
years  represented  respectively  by  lenses  14-0  — 5-0  =  9-0  and 
10-0  — 5-0  =  5.  Before  forty  the  near  point  would  have  receded 
to  infinity,  as  by  that  time  in  emmetropia  it  is  represented  by 
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Fig.  123.— Bonders'  curve  of  range  of  accommodation  (after  Nagel). 

rather  less  than  5-0,  and  in  the  degree  of  hypermetropia  we  are 
considering  would  be  rather  less  than  5-0  — 5-0  =  0. 

Practically,  it  has  to  be  remembered  that  whilst  the  curve 
of  Fig.  123  gives  the  average,  we  may  frequently  find  not  incon- 
siderable real  or  apparent  differences,  more  especially  in  the 
direction  of  the  range  being  greater  than  is  there  given.  It  has 
to  be  remembered  that  the  near  point,  and  this  refers  more 
especially  to  young  people,  may  not  always  appear  the  same  in 
the  same  case,  as  much  depends  on  the  effort  exerted  to  increase 
the  refractive  power,  and  the  greatest  possible  effort  can  only  be 
momentarily  maintained. 
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One  of  the  simplest  practical  methods  of  finding  the  position 
of  the  near  point  in  any  case  is  to  determine  the  strongest 
concave  glass  with  which  the  individual  can  see  distinctly  small 
print  (of  a  size  corresponding  at  a  definite  distance  from  the 
eye  to  something  approaching  the  limit  of  his  visual  acuity) ; 
or,  where  the  near  point  lies  beyond  the  distance  at  which  the 
print  is  held,  the  weakest  convex  lens  with  which  it  can  Ije 
seen.  In  order  to  do  so  he  has,  of  course,  to  add  as  it  were  an 
equivalent  convex  lens  to  his  eye  in  order  to  overcome  the 
concave  one  placed  in  front  of  it,  so  that  the  strength  of  that 
addition,  and  consequently  the  point  for  which  the  eye  is 
focussed  when  exerting  its  full  amount  of  accommodation,  i.e., 
its  near  point,  can  be  readily  calculated  from  the  strength  of 
the  concave  lens  and  its  distance  from  the  eye.    This  is  seen  in 


Fig.  124. — Showing  the  manner  in  which  the  action  of  a  concave 
lens  can  be  overcome  by  alteration  in  the  curvature  of  the  crystal- 
line lens. 

Fig.  124,  where  the  meniscus-shaped  portion  of  the  crystalline 
lens  is  that  which  counteracts  the  effect  of  the  concave  lens. 

In  order  to  exert  the  greatest  possible  amount  of  accommo- 
dative power,  most  people  have  to  bring  about  a  degree  of  con- 
vergence of  their  visual  axes,  which  is  greatly  in  excess  of  that 
which  would  direct  the  Hnes  of  vision  on  the  nearest  pomt  thus 
accommodated  for.  Wliat  is  called  the  ahsolute  near  point  can 
therefore,  as  a  rule,  only  be  attained  by  the  sacrifice  of  binocular 
vision.  The  binocular  near  point  and  the  binocular  range  of 
accommodation  have  been  distingiushed  by  Bonders  from  the 
absolute.  It  is  seldom  that  the  difference  between  the  two 
amounts  to  anything  of  practical  importance. 

Bonders,  to  whom  we  owe  in  great  measure  our  knowledge 
of  the  nature  of  accommodative  and  refractive  errors,  has  also 
pointed  out  the  importance  of  what  he  has  called  tlie  relative 
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range  of  accommodation.  This  may  be  looked  upon  as  the 
range  of  accommodation  which  is  at  the  disposal  of  the 
individual  for  any  particular  degree  of  convergence;  that  is, 
given  any  point  on  wliich  the  visual  axes  converge,  the  differ- 
ence between  the  furthest  and  the  nearest  point  for  which  the 
eyes  can  be  accommodated  without  changing  the  point  of  fixa- 
tion. 

The  relative  range  of  accommodation  varies  for  different 
distances  of  fixation;  but  the  practical  importance  to  be 
attached  to  it  is  usually  limited  to  the  amount  and  disposition 
of  the  range  which  exists  for  the  reading  distance.  That  por- 
tion of  the  relative  range  which  consists  of  the  difference  between 
accommodation  for  the  distance  fixed,  and  the  nearest  point  for 
which  accommodation  with  that  degree  of  convergence  is  pos- 
sible, is  called  the  positive  portion  of  the  relative  range  of  accom- 
modation. That  portion,  on  the  other  hand,  which  is  the 
difference  between  the  degree  of  accommodation  for  the  point 
fixed  and  the  furthest  point  which,  under  the  circimistances,  can 
be  distinctly  focussed  for,  is  called  the  negative  portion.  'The 
positive  portion  is  determined  by  the  strongest  concave  glasses 
which  can  be  overcome,  and  the  negative  by  the  strongest  con- 
vex glasses  which  can  be  overcome  without  any  change  in 
convergence. 

It  is  generally  considered  that  only  when  the  positive 
portion  is  at  least  as  great  as  the  negative  is  the  distance  one 
for  which  accommodation  can  be  maintained  for  any  length 
of  time,  without  giving  rise  to  pain  or  discomfort,  or,  in  other 
words,  to  what  is  called  accommodative  asthenopia.  In  some 
cases,  however,  there  is  a  considerably  greater  than  normal 
negative  relative  accommodative  range,  so  that  probably  the 
proportion  between  the  negative  and  positive  portions  is  of  less 
importance  as  affecting  the  capability  of  maintaining  the  neces- 
sary degree  of  accommodation  for  the  working  distance,  than  the 
actual  amount  of  the  positive  portion,  which  should  at  least 
equal  2-50  to  3-0  dioptres. 

The  direction  of  fixation  appears  also  to  be  of  some  influence 
on  the  range  of  relative  accommodation.  It  is  not  always  the 
same,  for  instance,  in  looking  down  as  on  looking  up  at  equally 
distant  objects.  The  difference  in  this  respect  is  subject,  too,  to 
individual  variation. 
32 
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Fig.  125  is  Donders'  curve  of  relative  accommodation  in  the 
case  of  an  emmetrope  aged  fifteen.  The  equally  distant  hori- 
zontal lines  represent  intervals  of  I'O  dioptre  of  accommodation, 
so  that  the  point  where  they  cut  the  ciirve  gives  the  amount 
in  dioptres  of  accommodation  exerted.  The  vertical  lines  repre- 
sent the  angles  of  convergence  made  by  the  two  visual  axes 
corresponding  to  the  distances  for  which  the  eyes  are  accom- 
modated. The  numbering  is  according  to  ISTagel's  metre  angle 
notation,  which  is  based  on  exactly  the  same  system  as  that 
explamed  for  the  metrical  numbering  of  lenses.    According  to 
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Fig.  125. 

this  notation,  the  angle  which  the  visual  axis  of  each  eye  makes, 
when  a  point  in  the  middle  line  is  fixed,  with  the  direction  they 
have  when  fixing  a  distant  point  straight  in  front  of  them,  is 
expressed  as  the  reciprocal  value  of  the  distance  from  the  eye 
to  the  nearer  point  measured  in  metres,  or  fractions  of  a  metre. 
Thus,  if  the  distance  fixed  be  \  metre,  the  convergence  is  said  to 
be  3  metre  angles  in  amount ;  if  yV  of  a  metre,  distance  10 
metre  angles,  and  so  on.  Similarly  the  difference  in  the  degrees 
of  convergence  between  the  direction  required  for  fixation  of  a 
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poiiit  \  of  a  metre,  and  another  yV  of  a  nietre  from  each  eye, 
equals  7  metre  angles. 

The  normal  or  ideal  relation  between  convergence  and 
accommodation,  in  which,  for  any  number  of  dioptres  of  accom- 
modation exerted  a  similar  number  of  metre  angles  of  conver- 
gence are  described,  is  represented  by  the  diagonal  line.  This 
relation  can  obviously  only  exist  when  the  refraction  is  emme- 
tropic, and  the  position  of  rest  of  the  visual  axes  parallelism, 
or  where  a  definite  degree  of  hypermetropia  or  myopia  is  asso- 
ciated with  a  corresponding  amount  of  divergence  or  convergence 
of  the  axes  in  the  state  of  rest.  The  position  of  any  point  on 
the  curve  above  the  diagonal  represents  the  positive,  that  of  any 
point  below  the  diagonal,  the  negative  portion  of  the  relative 
accommodation  for  the  degree  of  convergence  represented  by  the 
vertical  line  which  passes  through  it.  In  the  case  for  which 
the  curve  is  plotted  we  see  that  binocular  vision  has  been 
impossible  for  a  point  N'  lying  nearer  than  between  \  and 
metre  from  the  eyes,  and  that  although  18  metre  angles  of  con- 
vergence were  possible,  this  did  not  result  in  an  absolute  near 
point  closer  than  metre.  The  curve  also  shows  that  even 
although  it  has  been  impossible  to  accommodate  for  the  nearest 
points  for  which  the  eyes  were  converged,  still  a  certain  range  of 
relative  accommodation  remained  up  to  the  greatest  possible 
convergence.  Here,  too,  we  see  that  this  positive  portion  of  the 
relative  accommodation  range  has  equalled  the  negative  up  to  a 
convergence  of  5  metre  angles,  so  that  the  individual  has  been 
in  the  position  of  being  able  to  maintain  the  amount  of  accom- 
modation necessary  for  reading  at  i  of  a  metre,  or,  say,  8  inches, 
without  any  inconvenience. 

If  the  myopic  or  hypermetropic  individual  were  situated 
exactly  as  the  emmetropic  in  respect  to  the  association  of  the 
convergent  and  accommodative  movements,— that  is,  if  his  zero 
point  of  convergence  corresponded  to  his  zero  point  of  accom- 
modation—it is  evident  that,  when  the  ametropia  was  at  all 
considerable,  he  would  have  to  sacrifice  binocular  vision  in  order 
to  see  distinctly.  We  have  only  to  displace  the  diagonal  line 
downwards  in  the  case  of  myopia,  and  upwards  in  the  case  of 
hypermetropia,  to  see  at  a  glance  what  the  requirements  of  these 
states  of  refraction  are,  and  how  they  become  more  difficult  of 
attainment  on  the  supposition  made,  the  higher  the  deo-ree  of 
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ametropia.  Thus  the  lower  line  represents  the  requirements  of 
a  case  of  myopia  of  5"0  dioptres;  it  shows  that  up  to  a  5  metre 
angle  of  convergence  no  accommodation  is  required,  whilst  for 
8  metre  angles  of  convergence,  for  instance,  only  3-0  dioptres  of 
accommodation  are  necessary.  Again,  a  glance  at  the  upper 
dotted  line  of  the  diagram,  which  represents  the  requirements  of 
a  case  of  hypermetropia  of  5'0  dioptres,  will  show  that  up  to  5'0 
dioptres  of  accommodative  effort  the  visual  axes  must  remain 
parallel,  whilst  for  8'0  dioptres  of  accommodation  only  3  metre 
angles  of  convergence  are  required. 

The  actual  state  of  matters  in  cases  of  ametropia  is,  however, 
not  so  bad  as  it  would  be,  did  the  conditions  as  they  exist  in 
emmetropia  hold  good  in  the  manner  we  have  supposed.  There 
is  a  great  difference  in  this  respect  in  different  cases,  a  difference 
which  depends  partly  on  the  extent  to  which  the  nature  of  the 
association  of  the  two  impulses  to  convergence  and  accommoda- 
tion differs  from  that  which  we  have  looked  upon  as  normal  or 
ideal,  and  partly  on  the  range  of  relative  accommodation. 

If  the  associated  impulses  were  al  ways  connected  as  in  emmetropia, 
we  should  expect  to  tind  that  as  soon  as  one  eye  was  occluded  from 
vision  of  the  object  fixed,  it  would  take  up  a  position  which  brought 
the  axes  of  vision  to  bear  on  the  point  accommodated  for.  In  the 
case  of  myopia,  then,  the  occluded  eye  should  diverge,  and  in  the  case 
of  hypermetropia  converge.  This  is,  however,  by  no  means  invariably 
the  case ;  when  it  is,  the  degree  of  deviation  is  indeed,  as  a  rule,  not 
co-extensive  with  the  requirements  of  an  intimate  association. 

The  startmg-point  of  the  convergent  effort,  it  must  be  borne  in 
mind,  is  not  always  parallelism ;  that  is  to  say,  the  position  of  rest  or 
equilibrium  of  the  two  eyes  may  be  a  divergent  one,  and  this  may 
influence  the  position  taken  up  by  the  occluded  eye,  under  the  cir- 
cumstances just  referred  to.  But  even  Avhen  this  position  of  equili- 
brium is  allowed  for  there  still  remains  such  a  degree  of  disagreement 
between  the  results  aff'orded  by  this  simple  experiment  and  those  which 
the  ideal  association  would  necessitate,  that  there  can  be  no  doubt  the 
association  is  often  of  another  nature,  altogether  more  faAJ^ourable,  as  a 
rule,  to  the  individual  case. 

Associated  movements,  that  is  to  say,  movements  associated  in 
such  a  way  that  a  voluntary  stimidus  to  the  one  liberates  an  in- 
voluntary stimulus  to  the  other,  may  be  either  congenital  or  acquired. 
Of  what  nature  the  two  imder  consideration  are,  has  been,  and  still  is, 
a  disputed  point,  some  holding  that  the  exigencies  of  every  individual 
case  lead  to  a  greater  or  less  dissociation  of  accommodation  and  con- 
vergence, which  are  naturally  intimately  connected  in  the  ideal  maimer, 
while  others  again  believe  that  the  two  originaUy  independent  move- 
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iiients  become  associated  in  such  a  manner  as  to  meet  the  requirements 
of  eacli  case.  Which  of  these  two  views  is  the  correct  one,  is  a  matter 
perhajos  of  small  importance.  The  practical  point  is  that  the  nature 
of  the  association  is  very  variable,  both  in  respect  to  the  relative  points 
of  departure  of  accommodative  and  convergent  movements,  and  the 
closeness  or  laxity  of  the  existing  relation  between  them. 

Two  circumstances  influence,  no  doubt,  the  conditions  of  associa- 
tion, viz.,  heredity  and  tendency  Avhich  the  state  of  refraction  has  to 
change.  Thus,  with  regard  to  the  first,  there  are  many  points  which 
seem  to  indicate  that  an  individual  whose  ametropia  is  undoubtedly 
inherited  is  less  likely  to  be  unfavourably  situated  in  the  association  of 
his  accommodative  and  convergent  efforts,  than  one  in  Avhom  the  error 
of  refraction  is  more  distinctly  accidental,  whilst,  in  the  second  place, 
much  evidently  depends  on  the  rapidity  with  which  the  refractive 
changes  take  place,  as  when  rapid  a  correspondmg  adaptation  becomes 
less  easy. 

A  full  correction  of  the  ametropia  in  any  case,  by  which,  as 
we  have  seen,  the  position  of  the  range  of  accommodation  is 
altered  to  what  obtains  in  emmetropia,  frequently  gives  rise  to 
discomfort,  owing  to  its  introducing  at  the  same  time  a  less 
favourable  situation  of  the  existing  relation  between  accommo- 
dation and  convergence.  This  is  more  especially  the  case  when 
the  correction  is  made  in  adult  life. 

On  the  other  hand,  a  full  or  partial  correction  often  relieves 
the  asthenopia,  which  an  unsuitable  relation  in  the  associated 
impulses  occasions. 

A  question  which  naturally  suggests  itself  in  connection 
with  accommodation  is,  as  to  whether  or  not  the  two  eyes  can 
be  accommodated  to  different  extents  at  the  same  time.  For 
objects  seen  in  the  middle  line,  and  where  the  refraction  is  the 
same  in  the  two  eyes,  an  unequal  degree  of  accommodation 
would  not  be  required  in  order  that  the  utmost  distinctness  of 
the  images  on  both  retinte  should  result.  On  the  other  hand, 
when  the  object  fixed  is  to  the  one  side,  and  not  far  from  the 
eyes,  or  where  there  is  unequal  refraction  in  the  two  eyes  (what 
is  called  anisometroincC)  an  equal  amount  of  accommodation 
would  obviously  not  permit  of  absolutely  distinct  images  being 
obtained  in  both  eyes.  What  then  happens  under  these  cir- 
cumstances ?  Do  the  two  eyes  accommodate  unequally,  so  as, 
when  the  difference  is  not  too  great,  an  equally  distinct  image 
is  obtained  in  each  eye  ?  Or  do  they  accommodate  to  the  same 
extent,  and  if  so,  is  one  properly  focussed,  or  does  the  accom- 
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modation  take  place  in  both  for  an  intermediate  distance  ?  By 
holding  a  weak  prism  in  front  of  one  eye,  with  the  base  directed 
upwards  or  downwards,  whilst  a  single  line  of  small  print  or 
other  suitable  test-object  is  fixed,  either  well  to  the  one  side,  or 
in  the  case  of  anisometropia  in  front  of  the  face,  it  will  in- 
variably be  found  that  the  image  corresponding  to  the  one  eye 
is  perfectly  distinct,  whereas  that  which  belongs  to  the  other 
is  more  or  less  blurred,  according  to  circumstances. 

In  anisometropia  it  is  usually  the  eye  for  which  the  accom- 
modative effort  required  for  the  distance  fixed  is  smallest  that 
is  properly  focussed.  Therefore,  when  one  eye  is  myopic  and 
the  other  emmetropic,  the  myopic  one  is  correctly  focussed; 
when  one  is  emmetropic  and  the  other  hypermetropic,  the 
emmetropic  one,  and  so  on.  In  the  fixation  of  latterly  placed 
objects,  it  seems  generally  to  be  the  eye  which  lies  nearest  to 
the  object  which  determines  the  amount  of  accommodation  to 
be  exerted.  In  both  cases  much  depends  on  the  state  of 
visual  acuity  of  either  eye,  and  on  which  of  the  two  retinal 
images  the  individual  is  in  the  habit  of  unconsciously  directing 
most  attention,  but  the  relation  existing  between  the  accommo- 
dative and  convergent  impulses  is  no  doubt  also  of  influence  in 
this  respect. 

The  contraction  of  the  pupil  which  takes  place  along  with 
accommodation  is  a  muscular  movement  associated,  in  all  pro- 
bability, with  both  the  accommodative  and  convergent  move- 
ments. It  is  easy  to  show  that  even  when  accommodation 
takes  place,  while  the  direction  of  the  visual  axis  remains 
unaltered,  there  is  a  corresponding  change  in  the  size  of  the 
pupil ;  but  there  exists  all  the  time  an  impulse  to  convergence 
(which  is  at  once  rendered  manifest  by  the  position  taken  up 
when  one  eye  is  occluded),  which  is  only  restrained  by  the 
stronger  impulse  for  the  fusion  of  the  binocular  images,  with 
which  impulse  the  actual  pupillary  change  may  be  connected. 

PfiESBYOriA. 

Wlien  the  near  point  has  receded  beyond  22  centimetres, 
or  a  little  more  (about  9"),  which  the  curve  in  Fig.  123 
shows  takes  place  at  or  about  the  age  of  forty-five  in  emme- 
tropes,  a  difficulty  is  experienced  in  reading  small  print,  more 
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especially  when  badly  illuminated,  or  in  working  at  any- 
thing which  requires  to  be  taken  near  to  the  eyes  in  order 
to  give  a  large  enough  image  to  be  seen  distinctly.  To  this 
defect  in  vision  the  name  of  preshyopia  or  "old  sight"  is 
given. 

When  an  individual  becomes  presbyopic  he  is  obliged  to  wear 
convex  glasses  in  order  to  see  distinctly  anything  which  he  has 
to  take  within  about  nine  inches  of  his  eyes.  The  glass  which 
has  to  be  worn  under  these  circumstances  should  be  of  such  a 
strength  as  to  bring  the  near  point,  to  between  23  and  24 
centimetres  from  the  eyes,  i.e.,  it  should  supplement  the  defect 
in  accommodation  to  such  an  extent  as  to  make  the  combined 
strength  of  the  accommodative  change  (measured  from  the 
existing  adaptation  for  a  distance)  and  the  glass  equal  to  that 
of  a  lens  of  4-50  placed  in  front  of  the  eye.  In  emmetropia, 
then,  it  must  supplement  the  range  of  accommodation  by  just 
the  amount  that  it  falls  short  of  4-50  dioptres. 

In  hypermetropia,  although  there  is  for  the  same  age  the 
same  average  range  of  accommodation,  the  position  of  the  range 
is  unfavourable  for  near  vision,  and  the  hypermetrope  is  unable 
to  bring  small  objects  sufficiently  near  to  his  eye,  i.e.,  he  becomes 
presbyopic  at  a  time  when  he  possesses  a  greater  range  of 
accommodation  than  4-50  dioptres,  and  therefore  at  an  earlier 
age  than  is  the  case  in  emmetropia. 

For  myopic  individuals  the  reverse  holds  good — tile  position 
of  their  range  of  accommodation  is  favourable  to  near  vision ; 
the  near  point  is  consequently  longer  in  receding  to  the  extent 
which  renders  the  aid  of  a  convex  glass  necessary,  so  that 
presbyopia  is  later  in  making  its  appearance  in  myopia  than  in 
emmetropia. 

From  Fig.  123  it  will  be  seen  that  the  originally  emmetropic 
eye  becomes,  as  a  rule,  more  or  less  hypermetropic  after  the 
age  of  sixty-five ;  this  is  represented  by  the  dip  of  the  far 
point  curve,  so  that  after  that  age  stronger  glasses  than  4"50 
may  be  required.  The  cause  of  this  senile  hypermetropia  is 
similar  to  that  which  gives  rise  to  the  advancing  diminution  in 
the  range  of  accommodation,  viz.,  the  sclerosis  of  the  lens. 
This  produces  not  only  a  loss  of  elasticity,  but  also  a  change  in 
the  refractive  indices  of  the  different  layers  of  the  lens.  The 
layers  become  more  and  more  dense,  and  eventually  equal  in 
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their  refractive  power  the  central  or  nuclear  portion.  The 
result  of  this  is  to  diminish  the  refractive  power  of  the  lens  as 
a  whole,  and  therefore  of  the  eye. 

The  glass  required  for  the  correction  of  the  i^resbyopia  in  a 
hypermetropic  or  myopic  individual  is  at  once  determined  from 
that  required  for  an  emmetrope  of  the  same  age  by  merely 
adding  to  or  subtracting  from  it  that  which  corrects  the 
ametropia.  Thus,  if  an  emmetrope  required  +  3-0,  a  hyper- 
metrope  of  the  same  age  to  the  extent  of  2-0  dioptres  would,  as 
a  rule,  require  +5-0,  and  a  myope  to  the  same  amount  +l-o'. 

Measurement  of  Ametropia. 

The  determmation  of  the  degree  of  myopia  or  hypermetropia 
may  be  made  both  subjectively  and  objectively.  With  a  little 
intelHgence  and  good  acuteness  of  vision  on  the  part  of  the 
indiAddual  tested,  the  subjective  method  is  the  most  rapid  and 
accurate.  It  is  only,  therefore,  when  either  of  these  factors  is 
deficient,  or  when  the  patient  tries  for  any  purpose  to  deceive, 
that  an  objective  test  is  called  for. 

The  subjective  test  is  made  by  determining  the  glass  required 
to  give  the  best  vision  at  a  distance.  The  distance  should  be 
at  least  five,  preferably  six  metres,  and  the  test  objects  be  types 
or  figures  graduated  in  size,  according  to  the  method  first  adopted 
by  Snellen. 

If  the  patient's  accommodation  be  paralysed  by 'atropine,  or 
be  absent  owing  to  advanced  age,  or  any  other  cause,  the  con- 
cave or  convex  glass  which  enables  him  to  read  the  smallest  type 
which  he  is  capable  of,  is  a  measure  of  the  degree  of  his  ametropia 
(referred  to  the  position  of  the  glass). 

The  presence  of  accommodative  power  renders  it  possible  for 
him  to  see  equally  well  (though  not  so  comfortably)  with  differ- 
ent strengths  of  glasses.  TMs  circumstance  must  always  he  kept 
in  mind  whilst  maldng  a  stcbjective  test  under  the  ordinary 
conditions. 

In  the  case  of  myopia,  the  degree  of  normal  refraction  is 
given  by  the  weakest  glass  with  which  the  individual  obtains  his  « 
best  vision  (provided  there  is  not  any  marked  defect  in  liis 
acuity).   Stronger  glasses  do  not  necessarily  diminish  the  acute- 
ness of  his  vision,  because  they  may  be,  and  in  the  case  of  young 
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myopes  almost  invariably  are,  neutralised  or  overcome  by  an 
accommodative  change  in  the  crystalline  lens. 

In  the  case  of  hypermetropia  accommodation  plays  a  still 
more  important  part.  We  have  seen  that  this  condition  of  refrac- 
tion, when  not  exceeding  in  amount  the  amplitude  of  accommo- 
dation at  the  disposal  of  the  individual,  may  be  corrected  for  by 
accommodation.  This  is,  as  a  rule,  what  is  done,  more  or  less  of 
the  amplitude  of  accommodation  being  brought  into  play  in 
order  to  permit  of  distinct  vision.  The  desire  to  see  anything 
distinctly,  which  is  almost  constantly  present  when  surrounding 
objects  are  sufficiently  illuminated,  is  habitually  associated,  then, 
in  hypermetropes  with  an  accommodative  effort.  If,  therefore, 
we  put  a  convex  glass  in  front  of  the  eye,  we  can  only  expect 
to  find  that  with  it  the  hypermetrope,  by  relaxing  a  correspond- 
ing amount  of  accommodation,  will  maintain  the  same  visual 
acuity  which  he  had  without  it.  If,  then,  a  convex  lens  either 
prodticcs  an  improvement  in  vision  or  does  not  render  distant 
ohjects  less  distinct,  the  eye  must  he  hypermetropic. 

But  we  cannot,  as  a  rule,  determine  the  degree  of  hyperme- 
tropia by  means  of  the  convex  glass  held  in  fronb  of  the  eye,  in 
the  same  way  as  has  been  explained  can  be  done  with  a  concave 
glass  in  the  case  of  myopia.  The  reason  of  this  is  that  the 
accommodation  brought  into  play  in  order  to  overcome  the 
refractive  error  cannot  be  altogether  relaxed  during  attempts  at 
seeing,  and  thus  a  portion  of  the  hypermetropia  remains  latent. 
The  total  degree  of  hypermetropia  (H;;)  is  divided  then  into  a 
portion  which  is  latent  (HZ),  and  a  portion  which  is  manifest 
(II?/i) ;  or  =  HZ  +  H?rt.  The  proportion  between  the  latent 
and  manifest  portions  of  the  hypermetropia  varies  with 
the  age  of  the  individual,  and  also  to  some  extent  with  the 
degree  of  the  total  hypermetropia.  The  older  the  individual 
the  smaller  is  the  proj)ortion  which  remains  latent,  so  that 
after  a  certain  age — from  forty  to  forty-five — the  whole 
amount  is  manifest.  The  lower  degrees,  too,  are  more 
persistently  corrected  by  accommodative  efforts  than  the 
higher. 

The  strongest  glass,  therefore,  with  which  the  individual 
retains  the  full  degree  of  visual  acuity  which  he  possesses  is 
the  measure  of  his  manifest  hypermetropia.  A  determination  of 
the  whole  hypermetropia  subjectively  is  only  possible  w|ien  the 
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accommodation  is  paralysed.  A  close  approximation  to  it  may 
be  got  by  an  objective  examination. 

When  the  fundus  of  an  eye  is  illuminated  by  means  of  the 
ophthalmoscope,  the  rays  which  are  reflected  from  any  point  in 
it  proceed  after  refraction  through  the  dioptric  media,  as  if  they 
diverged  from  or  converged  towards  some  other  point,  the  image 
of  the  first.  If  the  eye  be  hypermetropic,  and  the  defect  not 
corrected  by  accommodation,  they  will  diverge  as  if  from  a  point 
behind  the  eye ;  if  myopic,  they  will  converge  to  a  point  in  front 
of  it.  The  distance  of  this,  the  far  'point,  measures  in  either  case 
the  degree  of  the  ametropia. 

The  distance  of  the  far  point  is  generally  measured  from  one  of  the 
cardinal  points  of  the  eye  (vid.  infra).  For  the  theoretical  consideration 
of  refractive  errors,  it  seems  best  to  adopt  the  first  principal  point  as  that 
from  which  the  far  point  is  calculated.  For  most  practical  purposes, 
however,  the  anterior  focus  is  the  point  from  which  it  may  be  most 
conveniently  measured,  so  that  when  the  far  point  lies  10  centimetres 
behind  the  anterior  focus  the  eye  is  hypermetropic  to  the  extent  of 
10-0  D.  ;  when  10  centimetres  in  front  of  the  anterior  focus,  there  is 
a  myopia  of  lO'O  D.  The  advantages  of  this  way  of  measuring  the 
degree  of  ametropia  are  that  it  then  corresponds  to  the  strength  of  the 
correcting  glass,  and  further  (as  is  afterwards  explained),  in  the  case  of 
axial  ametropia,  to  the  axial  change. 

In  the  emmetropic  eye  the  rays  reflected  from  a  point  in  the 
retina  pass  after  refraction  through  the  dioptric  media,  not  in  the 
shape  of  a  cone  but  as  a  cylinder,  all  the  rays  being  parallel  to  the 
one  which  passes  from  the  point  on  the  retina  to  the  nodal  point. 
1^0  image  of  any  extent  of  the  fundus  of  the  emmetropic  eye  is 
formed  in  the  observer's  eye,  unless  the  ophthalmoscope  mirror 
be  held  very  close  up  to  the  eye  examined.  If  held  any 
distance  off  nothing  is  seen  but  a  red  reflection.  The  reason  of 
this  is  that  the  cylindrical  bundles  of  rays  from  the  points  at 
either  extremity  of  a  portion  of  the  retina  cross  between  the 
eyes  of  the  observer  and  observed,  and  thus  do  not  pass  through 
the  aperture  of  the  mirror,  so  that  what  is  seen  is  merely  a 
collection  of  rays  from  a  very  small  area,  not  sufiiciently 
extensive  to  be  recognised  in  structure.  The  larger  the  pupil  of 
the  eye  examined  the  greater  is  the  area  from  which  rays  pass 
into  the  observer's  eye,  consequently  the  larger  is  the  portion 
of  the  fundus  which  he  can  see  at  the  same  time ;  and,  given  a 
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definite  size  of  object — such,  for  instance,  as  the  optic  disc — the 
farther  away  it  can  be  seen. 

A  distinct  image  of  a  portion  of  the  fundus  of  a  myopic  eye 
is  formed  in  the  observer's  eye,  if  the  ophthalmoscope  mirror  be 
held  at  a  distance  greater  than  that  of  the  far  point  of  the 
myopic  eye  by  the  distance  of  the  observer's  near  point.  The 
amount  of  the  fundus  whose  image  is  thus  seen  depends  on  the 
size  of  the  pupil  and  on  the  degree  of  the  myopia.  The  larger 
the  pupil  the  greater  the  image  with  a  given  degree  of  myopia. 
Again,  the  higher  the  myopia  the  greater  is  the  portion  of  the 
fundus  seen  with  a  given  size  of  pupil.  When  the  observer's 
eye  is  nearer  the  eye  examined  than  its  far  point,  it  receives  rays 
from  a  larger  portion  of  the  fundus,  but,  unless  his  eye  be 
hypermetropic,  these  do  not  give  the  observer  a  clear  image. 
The  reason  of  this  will  be  explained  further  on. 

A  distinct  image  of  a  portion  of  the  fundus  of  a  hyper- 
metropic eye  is  received  by  an  observer  reflectmg  light  into 
the  eye  from  some  distance.  The  amount  of  the  fundus  seen 
depends  on  his  distance  from  the  eye,  on  the  size  of  the  pupil, 
and  the  degree  of  the  hypermetropia.  It  increases  as  the 
distance  separating  the  two  eyes  diminishes,  and  as  the  pupil 
and  degree  of  hypermetropia  increase. 

If,  therefore,  the  observer  at  some  distance  from  the  eye 
receives  with  the  ophthalmoscope  mirror  alone  a  tolerably  clear 
view  of  any  part;  of  the  fundus,  such  as  the  vessels  or  optic  disc, 
the  eye  examined  must  be  ametropic. 

If  the  patient  move  the  eye  slowly  in  any  direction,  the 
image  seen  will  appear  to  move,  and  the  direction  of  the  move- 
ment at  once  shows  whether  the  fault  in  refraction  is  one  of 
myopia  or  hypermetropia.  In  myopia,  the  image  will  move 
in  the  same  direction  as  the  eyes ;  in  hypermetropia,  in  the 
opposite  direction. 

This  is  evident,  loecause  in  myopia  it  lies  between  the  observer's 
and  the  patient's  eye ;  therefore,  in  the  first  case,  being  in  front  of 
the  centre  of  rotation,  it  moves  with  the  anterior  part  of  the  eye. 

If,  instead  of  the  patient  moving  his  eye,  the  observer  moves 
his  own  head,  still  keeping  the  fundus  in  view,  then  in  myopia 
the  image  moves  in  an  opposite  direction  to  that  of  the  observer's 
head,  while  in  hypermetropia  it  moves  in  the  same  direction. 
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Tlie  movement  here  observed  is  a  parallactic  one,  due  to  the 
position  of  the  images  of  the  fundus  with  respect  to  the  pupil  As 
tJie  pupil  lies  behind  the  image  in  myopia,  and  in  front  of  it  in  hyper- 
nietropia  then-  apparent  movement  is  in  opposite  directions,  the  more 
distant  object  always  appearing  to  move  with  the  mirror. 

Another  objective  method  of  arriving  at  the  diagnosis  of  the 
couclition  of  refraction  is  to  observe  the  cliange  which  takes 
place  m  the  size  of  the  optic  disc,  as  the  lens  held  between  the 
ophthalmoscope  and  the  eye  examined,  in  the  indirect  method 
of  ophthalmoscopic  examination,  is  approached  or  withdrawn 
from  the  eye.  If  the  eye  be  myopic,  the  withdrawal  of  the  lens 
causes  the  image  of  the  disc  to  increase  in  size ;  if  hyperme- 
tropic, to  diminish,  while  in  the  emmetropic  eye  no  alteration 
m  the  size  of  the  disc  takes  place  on  changing  the  position  of 
the  lens. 

The  principal  value  of  tliis  method  is  in  the  objective 
diagnosis  of  astigmatism,  ^s  wHl  be  afterwards  explained.  In 
ametropia,  if  it  be  high,  it  is  also  observable ;  but  in  low,  or 
even  moderate  degrees,  the  change  which  takes  place  is  apt  to 
escape  detection,  as  the  apparent  size  depends  on  the  distance  to 
which  the  image  is  projected  in  space.  The  change  in  size  for 
different  positions  of  the  auxiliary  lens  is  shown  in  Fig.  126  in 
the  case  of  myopia  and  hypermetropia.  In  the  figure,  obj 
represents  the  image  of  the  disc,  or  other  part  of  the  fundus, 
which  is  formed  by  the  eye,  and  which  is  therefore  in  its  turn 
the  object  whose  image  is  formed  by  the  lens.  As  some  of  the 
rays  used  to  find  the  position  of  the  image  do  not  actually  pass 
from  the  eye,  they  are  represented  as  dotted  lines. 

The  indications  afforded  by  the  mirror  alone,  or  by  the 
indirect  method  of  ophthalmoscopic  examination,  are  only  just 
sufficient  to  enable  one  to  diagnose  whether  the  refraction  is 
greater  or  less  than  normal. 

An  approximation  may  be  made  to  the  degree  of  the 
ametropia  in  various  ways.  Two  methods  are  in  general  use 
for  thus  estimating  the  refraction,  viz.,  the  examination  of  the 
fundus  oculi  with  the  ophthalmoscope  by  the  direct  method  and 
the  shadow  test.  The  first  is  the  more  trustworthy  method, 
unless  the  patient's  accommodation  has  been  paralysed  with 
atropine.  It  requires,  however,  some  practice,  as,  in  order  to 
give  the  nearest  approximation,  it  is  necessary  for  the  observer 
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either  to  relax  his  own  accommodation  thoroughly,  or  to  be 


Fig.  126. — Showing  the  alteration  in  the  size  of  the  ophthalmo 
scopic  image  as  the  lens  is  withdrawn  from  the  eye  in  myopia  and 
hypermetropia. 

aware  of  the  extent  to  which  he  is  exerting  it.  It  is  of  course 
essential  that  the  patient's  accommodation  should  also  not  be 


5IO       REFRACTION  AND  ACCOMMODATION. 


brought  into  play,  but  there  is  as  a  rule  not  much  tendency  to 
this,  as  the  examination  is  made  in  the  dark,  and  there  should 
be  no  near  object  to  attract  his  attention. 

In  order  to  be  able  to  estimate  the  refraction  of  another 
individual,  the  observer  must,  in  the  first  place,  be  conscious  of 
the  state  of  his  own  refraction.  The  glass  which  corrects  this, 
when  it  is  not  emmetropic,  is  brought  in  front  of  the  aperture  of 


Obs 


Obs.  ^ 

M 

r — — c_  N 

Obs 


Fig.  127. 

the  ophthalmoscope,  and  forms  the  starting-point  from  which 
any  other  glass  which  may  be  required  to  obtain  a  cUstinct 
image  of  the  patient's  fundus  is  calculated,  as  representing  the 
one  which  in  the  position  which  it  occupies  in  front  of  the 
patient's  eye  approximately  corrects  his  ametropia.  Thus,  if  the 
details  of  the  fundus  appear  perfectly  distinct  to  the  observer 
when  examining  with  the  ophthalmoscope  close  up  to  the  patient's 
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eye,  the  accommodation  of  both  eyes  being  relaxed,  and  either 
without  any  glass  intervening  between  his  own  eye  and  the 
aperture  in  the  mirror,  or  with  that  glass  which  corrects  an 
existing  error  in  his  own  refraction,  then  the  patient  must  be 
approximately  emmetropic,  as  the  rays  proceeding  from  any 
part  of  the  fundus  are  then  all  parallel  to  that  which  is  directed 
to  the  nodal  point,  and  such  a  parallel  bundle  of  rays  must, 
after  refraction  through  the  observer's  eye,  or  through  the 
system  of  correcting  lens  and  eye,  meet  at  some  point  on  his 
retina.  In  Fig.  127  E,  the  course  of  the  rays  is  shewn  in  the 
case  of  emmetropia  of  both  observer  and  patient. 

When  the  patient  is  not  emmetropic  it  is  necessary  for  the 
observer,  always  supposing  that  he  keeps  his  accommodation 
relaxed,  to  bring  such  a  lens  behind  the  ophthalmoscope  as 
shall  focus  his  own  eye  for  the  far  point  of  his  patient.  Thus,  if 
the  patient  be  myopic,  he  must  render  his  own  eye  hyper- 
metropic to  an  equivalent  extent,  as  the  rays  which  meet  his  eye 
from  any  point  on  the  fundus  of  the  patient  are  convergent 
instead  of  parallel,  and  therefore  meet  at  a  point  in  front  of  his 
retina.  The  concave  lens  necessary  to  effect  this  is  that  which 
will  correct  the  patient's  myopia,  the  determination  of  the 
degree  of  which  can  therefore  be  made  in  this  way.  This  is 
represented  at  M,  Fig.  127. 

If  the  patient  be  hypermetropic,  the  observer  must  bring  in 
front  of  the  ophthalmoscope  aperture  a  convex  lens,  whose  focal 
distance  corresponds  to  that  of  the  patient's  far  point,  in  order  that 
the  divergent  rays  from  all  points  on  the  patient's  retina  may  be 
rendered  parallel,  and  thus  be  brought  again  to  a  point  on  the 
retina  of  the  observer.  The  strength  of  the  lens  which  effects 
this  is,  of  course,  the  measure  of  the  degree  of  the  hypermetropia 
when  corrected  in  the  position  occupied  by  it  in  front  of  the 
eye.    This  is  represented  in  Fig.  127,  H. 

The  estimation  of  refraction  by  means  of  the  shadow  test  is 
made  by  observing  the  direction  of  motion  of  the  red  reflection, 
got  by  throwing  light  into  the  eye  from  an  ophthalmoscope 
mirror  lield  at  some  distance  and  rotated  slightly  in  a  definite 
direction,  while  lenses  of  known  strength  are  placed  in  front  of 
the  eye.  It  has  been  caUed  the  shadow  test,  because  attention 
is  directed  perhaps  more  to  the  dark  shadow  which  borders  the 
illuminated  area  than  to  the  area  itself. 
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The  examination  is  made  in  tlie  following  way.    The  room 
must  be  darkened.    From  the  source  of  light,  which  may  be 
placed  either  at  the  side  of  the  patient  and  shaded  from  him,  or 
immediately  over  his  head,  a  beam  is  reflected  by  means  of 'an 
ophthalmoscope  mirror.    The  mirror  may  be  either  plane  or 
concave,  but,  other  circumstances  being  similar,  the  movements 
made  by  the  shadow  are  in  opposite  directions,  according  as  one 
or  other  is  used.    Thus,  if  in  any  case  the  shadow  moves  in  the 
same  direction  as  that  in  which  a  plane  mirror  is  rotated,  it  will 
move  in  the  opposite  direction  to  the  rotation  of  a  concave 
one.    The  reason  of  this  will  be  afterwards  explained.    In  the 
meantime,  as  concave  mirrors  are  most  generally  used,  the 
appearances  met  with  when  such  a  mirror  is  employed  will  be 
described.    The  observer  should  be  seated  1  metre  from  the 
patient.    If  on  slightly  rotating  the  mirror  not  too  quickly  in  a 
horizontal  plane,  the  shadow  appears  to  move  in  the  same 
direction  as  the  rotation,  or  "  with  the  mirror,"  then  the  refrac- 
tion is  myopic.    If  it  move  in  the  direction  opposite  to  that  in 
which  the  mirror  is  rotated,  or  "  against  the  mirror,"  the  refrac- 
tion is  either  emmetropic,  hypermetropic,  or  only  sHghtly  myopic. 
By  putting  lenses  in  front  of  the  eye— concave  if  the  cUrection 
of  the  shadow  indica|:es  myopia,  convex  if  it  indicates  hj^perme- 
tropia— we  may  arrive  at  a  strength  of  the  lens  in  either  case 
which  reverses  the  direction  of  the  shadow,  and  therefore  get  a 
first  approximation  to  the  lens  which  is  required  for  the  correc- 
tion of  -  the  ametropia  if  it  exists.     The  weakest  lens  wliich 
reverses  the  movement,  from  being  with  the  mirror  to  beincr 
against  the  mirror,  is  not  quite  the  measure  of  the  myopia.  On 
the  other  hand,  the  weakest  lens  which  reverses  the  movement 
from  being  against  the  mirror  to  being  with  it,  is  rather  higher 
than  that  required  to  correct  the  existing  h}qDermetropia.'^  If 
the  lens  is  not  higher  than  -j-  I'O,  the  refraction  cannot  be  far 
from  emmetropic. 

The  shadow  test  has  received  many  names,  e.g.,  keratoscopy, 
retinoscopy,  koroscopy,  skiascopy. 

The  explanation  of  the  aiDpcarances  met  with  in  tlie  different  states 
of  refraction  is  as  follows  : — When  light  is  thrown  into  the  eye  from 
any  source,  the  size  of  the  illuminated  area  of  the  fundus  will  depend 
on  the  distinctness  of  the  image  of  the  soince  of  light  on  the  retina, 
Avhile  the  position  of   the  illuminated  area  wUl  alter  with  tliat 
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of  the  source  of  light,  and  move  in  a  direction  opposite  to  that  in 
which  tlio  illuminating  source  is  moved.  When  a  plane  mirror  is 
used  to  reflect  light  into  the  eye,  the  direction  of  the  rays,  after  reflec- 
tion, is  such  as  if  they  came  from  some  source  behind  the  mirror. 
This  apparent  source  is  displaced  in  the  opposite  direction  to  that  in 
which  the  mirror  is  rotated,  and  consequently  the  area  of  the  fundus 
which  it  illuminates  is  displaced  in  the  same  direction  as  that  in  which 
the  mirror  is  rotated.  When  a  concave  mirror  is  used,  the  apparent 
source  of  light  lies  somewhere  in  front  of  the  mirror,  or  between  it  and 
the  eye,  where  an  image  of  the  source  is  formed,  and  this  apparent 
source  is  displaced  in  the  same  direction  as  that  in  which  the  mirror 
is  rotated.  On  this  account  the  illuminated  area  of  the  fundus  is 
displaced  in  the  opposite  direction.  What  is  seen,  however,  by  the 
observer  is  not  the  iUiuninated  area  itself,  but  its  image,  as  formed  by 
the  eye.  This  image  is  erect  if  the  rays  from  every  point  of  the  area 
meet  behind  the  eye,  or  so  far  in  front  of  it  as  to  be  behind  the  eye  of 
the  observer ;  the  image  is  inverted  if  the  rays  meet  before  they  reach 
the  observer's  eye.  In  the  first  case,  where  the  refraction  is  hyper- 
metropic, emmetropic,  or  only  slightly  myopic,  the  movement  of  the 
illumination,  or  the  shadow  which  borders  it,  is  in  the  same  direction 
as  that  which  actually  takes  place  in  the  eye,  i.e.,  as  we  have  seen, 
against  the  mirror.  In  the  second  case,  it  is  in  an  opposite  direction 
to  that  taken  by  the  area  of  illumination  at  the  back  of  the  eye — that 
is,  it  is  "  with  the  mirror." 

The  neutral  point  corresponds,  of  course,  to  a  coincidence  of  the 
far  point  of  the  patient's  eye  with  the  plane  of  the  observer's  pupil. 
When,  therefore,  the  observer  is  1  metre  from  the  patient,  and  the 
patient's  eye  is  myopic  to  the  extent  of  1  '0  D  (and  not  accommodated), 
the  direction  in  which  the  illuminated  area  moves  as  the  mirror  is 
rotated  cannot  be  seen.  There  is  then  such  a  gradual  transition  from 
light  to  darkness  in  the  area  of  illumination  that  the  dark  shadow 
corresponding  to  where  the  illumination  stops  altogether  is  not  appre- 
ciated. Practically,  therefore,  what  has  to  be  determined  in  every 
case  is  the  glass  which  causes  the  reversal  of  the  shadow,  and  not  that 
which  exactly  corrects  for  the  distance  of  a  metre.  On  this  accoimt, 
too,  the  examination  has  to  be  made  at  a  distance,  and  for  purposes  of 
calculation  1  metre  is  a  convenient  distance.  SmaU  diff'erences  in  the 
actual  position  of  the  patient's  far  point  are  not  appreciable.  Whether 
it  is  5  centimetres  in  front  of,  or  5  centimetres  behind  the  observer's 
pupil  makes  but  little  difference  in  the  estimation  of  the  refraction  at 
1  metre.  The  possible  error  from  this  source  is  at  most  J^-  dioiDtre. 
But  the  error  is  increased  in  an  increasing  ratio  for  nearer  and  nearer 
distances  between  the  eyes  of  observer  and  patient.  It  is  already 
considerable  when  the  eyes  are  separated  by  as  miich  as  a  foot. 

The  brightness  of  illumination,  and,  as  a  consequence,  the  distinct- 
ness of  the  shadow,  is  less  when  the  ametropia  of  the  patient  is  great 
than  when  his  far  point  either  lies  near,  or  is  brought  by  means  of  an 
intervening  glass  to  be  near,  the  observer's  eye.  This  increase  in  the 
distinctness  of  the  shadow,  as  the  proper  correction  is  approached,  is  a 
33 
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uBeful  guide  in  the  practical  determination  of  tlie  refraction  by  the 
shadow  test.  The  reason  of  the  difference  in  brightness  is  that  in 
ametropia  the  circles  of  diffusion  of  the  image  of  the  source  of  light 
are  large  compared  with  the  visual  angle  under  which  the  light  is 
seen. 

Cardinal  Points. 

Many  problems  in  connection  with  refraction  are  much  facilitated 
by  the  knowledge  of  the  jjosition  of  certain  imaginary  points,  which 
have  received  the  name  of  cardinal  points.  The  properties  and 
positions  of  these  points  may  now  be  discussed. 

Having  regard  to  the  degree  of  approximation  which  we  have 
assumed,  i.e.,  writing  for  the  tangent  of  the  angle  of  divergence  of 
the  rays  meeting  any  surface  the  angle  itself,  we  may  look  upon  the 
tangent  plane  to  the  siu'face  as  coincident  with  the  surface.    So  that 
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Fig,  128. 


as  US  and  SV  (Fig.  128)  come  to  equal  UH  and  HY  in  the  limit,  M-e 
may  consider  the  direction  of  the  ray  after  refraction  to  be  h  V  instead 
of  SV.    In  the  Figure 

UH  =  M,  FH=/ 
BN  =  v,  HF'=/' 

Erecting  perpendiculars  from  F  and  F'  to  meet  the  incident  and 
refracted  ray,  and  putting  FM  =  z,  F'M'  =  z',  and  H/i  =  y,  we  havfe — 

-  =  ^  and  -  =  — --L  and  as  from  3). 

y       u  y  v 

U  V 

-^  ~=\  QV  z  +  z  =  y. 

y  y 

This  proves  Neuman's  theorem,  that  the  distance  from  the  axis  of  the 
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point  at  whicli  an  incident  and  refracted  ray  meet  the  tangent  plane 
to  tlie  vertex  is  equal  to  the  sum  of  the  perpendiculars  drawn  from 
the  foci  to  meet  the  two  rays.  If  U  lie  between  F  and  H,  both  y  and 
z  have  opposite  signs  from  z. 

By  the  aid  of  this  theorem  Ave  may  draw  the  direction  of  any  ray 
after  refraction  at  one  surface,  as,  even  although  it  should  not  emanate 
from  a  point  on  the  axis,  it  will  have  such  a  direction  (prolonged  if 
necessary)  as  to  cut  the  axis  at  some  pomt,  and  may  be  looked  upon 
as  proceeding  from  that  point.  It  may  easily  be  shown  that  rays 
proceeding  from  any  point  outside  the  axis  meet  after  refraction  at 
another  point,  when  the  required  relation  between  the  perpendiculars 
from  the  foci  exists.  In  the  case  of  one  surface,  however,  we  may  look 
upon  every  ray  Avhicli  is  directed  towards  the  centre  of  the  surface  as 
an  axial  ray,  so  that  by  the  simple  construction  shown  in  Fig.  129 
Ave  can  easily  find  a  point  conjugate  to  any  other. 

Let  P  be  the  point  Avhose  conjugate  focus  is  to  be  found,  XX'  the 
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axis,  and  QHR  the  tangent  jDlane,  to  the  refracting  surface  of  Avhich 
C  is  the  centre,  F  and  F'  the  foci.  From  P  draw  PC  through  the 
centre.  This  ray  being  directed  towards  the  centre  passes  unre- 
fracted.  Draw  PQ  parallel  to  the  axis  XX'.  This  must  pass  after 
refraction  through  F",  as,  being  parallel  Avith  the  axis,  it  is  brought  to 
the  principal  focus.  Now  as  the  focus  of  P  must  lie  on  both  these 
lines,  PC  and  QF',  it  must  be  where  they  meet  or  at  P'.  The  same 
point  Avould  be  got  by  drawing  from  P  a  ray  passing  through  the 
anterior  principal  focus,  Avhich  on  refraction  must  proceed  parallel  to 
the  axis  XX'. 

NoAv  let  the  points  on  which  perpendiculars  from  P  and  P'  meet 
the  axis  be  X  and  X'.    Tlien  HQ  =  XP  and  HR  =  X'P' : 

XP  _HX-/ 
X'P'~  / 

X'P'_HX'-/ 

xp-  / 
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From  which, 

(HX  -/)  (HX'  -/)  =//', 

i.e.,  X  and  X'  are  conjugate  foci,  or  tlie  abscissce  of  conjugate  points 
outside  the  axis  are  also  conjugate.  Any  point  on  XP  has  an  image  on 
XT',  and  consequently  XT'  is  the  image  of  XP,  that  is,  to  the  required 
degree  of  approximation  the  image  of  a  straight  hne  is  also  a  straight 
line,  and  it  may  be  shown  that  to  the  same  approximation  the  image  of 
a  small  portion  of  a  plane  is  also  a  small  portion  of  another  plane.  In 
reality  an  object,  any  point  of  which  lies  on  a  sphere  wliich  is  con- 
centric with  the  spherical  refracting  surface,  has  its  most  distract 
image  on  the  surface  of  another  concentric  sphere.  When,  however, 
only  very  small  portions  of  these  spherical  surfaces  are  considered, 
they  may  be  looked  upon  as  coincident  with  their  tangent  planes. 

From  Fig.  129  Ave  see  that  the  relation  between  object  and  image 
for  refraction  at  one  spherical  surface,  putting  HX  =  u  and  HX'  =  v  and 
HC  =  E,  is: 

obj _u  +  'R  g  , 

im    w  -  E, 

The  tangent  plane  at  the  vertex,  a  section  of  which  is  represented  in 
the  figure,  is  called  the  principal  plane,  and  the  ^joint  H,  where  it  meets 
the  axis,  the  principal  point.  An  object  in  the  principal  plane  has 
its  image  also  in  the  same  plane,  i.e.,  object  and  image  coincide  in  the 
principal  plane,  for  if  we  put  u  =  o,  the  equation  for  conjugate  points 
or  images  (^u  - /)  {v  -/')  =  ff,  is  only  satisfied  by  ?;  =  o. 

Further,  object  and  image  in  the  principal  plane  are  of  the  same 
size.    This  is  seen  by  putting  u  =  o  and  v  =  o  in  6). 

The  centre  of  cui'vature  througli  which  rays  joining  conjugate 
points  pass  directly,  is  called  the  7iodul  pioint.  Rays  which  are 
directed  towards  the  nodal  pomt  before  refraction  pass  after  refraction 
as  if  they  came  from  that  point.  Tlie  nodal  point  is  evidently  its 
own  image. 

The  principal  point,  the  nodal  point,  and  the  two  principal  foci  are 
known  as  the  cardinal  points. 

Where  instead  of  only  one  refracting  si;rface  Ave  have  to  do  with 
a  number  of  such  surfaces,  separated  by  different  refractive  media, 
and  having  a  common  axis,  a  great  simplification  in  the  calculation  of 
the  relation  of  object  and  image  is  made  by  determining  the  position 
of  the  cardinal  points,  of  Avhich  in  general  there  are  three  pairs,  viz., 
two  principal  points,  two  nodal  points,  and  two  principal  foci.  The 
formulae  for  the  calculation  of  these  cardinal  points  are  lengthy  but 
symmetrical,  so  that  it  is  easy  to  deduce  from  a  system  of  n  surfaces 
those  for  a  system  oi  n  +  \  surfaces. 

In  problems  connected  Avith  errors  of  refraction  of  the  eye,  we 
have  more  to'  do  with  the  alteration  Avhich  is  efiected  in  the  position 
of  the  cardinal  points  when  glasses  of  different  strengths,  and  placed 
at  different  distances  in  front  of  the  eyes,  are  used,  than  Avith  the 
calculation  of  their  actual  position. 
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A  number  of  centred  surfaces,  8^82  .  •  •  S,„  are  represented  m 
Fig.  130  by  the  tangent  planes  to  their  vertices,  wbicb  we  have  seen 
may  be  done  in  the  case  of  one  surface,  and  may  therefore  (as  the 
image  formed  by  the  fii'st  surface  may  be  looked  upon  as  the  object  of 
the  second,  and  so  on)  be  done  for  all.  Take  a  ray  BQ,  meeting  the 
first  surface  parallel  to  the  axis,  AA',  and  one,  Q'B',  on  the  same  level, 
also  parallel  to  the  axis  after  passing  the  last  surface ;  BQ  will,  after 
refraction  through  all  the  different  media,  pass  through  F',  the  second 
principal  focus  of  the  system,  and  Q'B'  will  be  the  direction  of  a  ray 
which  passes  through  the  point  F,  the  first  principal  focus  of  the  system. 
Let  LF'  be  the  direction  of  BQ  after  refraction,  and  FR  that_  of  QB' 
before  refraction,  FR  and  BQ  prolonged  must  meet  at  some  point  /i,  so 
must  also  B'Q'  and  F'L,  say  at  li,  a  point  at  the  same  distance  from  the 
axis  as  li.  It  foUows  from  the  construction  that  there  will  be  in  general 
two  points  related  to  each  other  as  li  and  li .  Now  it  is  evident 
that  rays  which  meet  on  the  one  point  proceed  as  if  they  came  from 
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the  other,  and  therefore  the  one  point  is  the  image  of  the  other. 
They  are  conjugate  points,  and  consequently  the  planes  perpendicular 
to  the  axis  on  which  they  lie  are  also  conjugate.  7iH  and  /i'H'  are 
sections  of  those  planes,  and  are  called  the  'prindjpal  planes  of  the 
system  of  surfaces ;  liK  having  reference  to  the  rays  coming  from  the 
first  medium,  is  called  the  first  principal  plane,  and  Zi'H'  having 
reference  to  the  direction  of  corresponding  rays  in  the  last  medium, 
the  second  principal  plane.  They  possess  the  same  property  as  the 
one  principal  plane  in  the  case  of  a  single  refracting  surface,  viz., 
that  object  and  image  are  the  same  size.  (In  the  Fig.  /iH  is  the 
image  of  /I'H',  and  7?/H'  is  the  image  of  7iH,  aiid  further,  /iH  =  /i'H'.) 
The  points  where  these  planes  cut  the  axis  H,  II'  are  the  principal 
points,  and  as  in  the  case  of  one  surface  the  focal  distances  were 
measured  from  the  principal  point,  so  for  any  system  of  centred 
surfaces  they  are  measured  from  the  two  principal  points — the  first 
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from  the  first,  and  the  second  from  the  second.  In  the  figure  the  actual 
course  of  two  rays  from  either  focus  is  represented  in  the  case  of  three 
sm-faces,  from  which  it  is  seen  that  their  direction  after  refraction  is 
given  by  prolonging  them  till  they  meet  the  first  principal  plane,  and 
then  drawing  them  parallel  to  the  axis,  as  if  they  came  from  points  in 
the  second  principal  plane,  equidistant  from  the  axis  with  the  points 
to  which  they  are  directed  on  the  first.  When  we  know  the  position 
of  the  principal  planes  for  any  system  of  surfaces,  and  the  focal 
distances  measured  from  them,  we  may  easily  find  the  position  of  a 
point  conjugate  to  any  other  by  a  construction  which  is  similar  to  that 
of  Fig.  129. 

From  the  point  P  (Fig.  131),  draw  PQ  parallel  with  the  axis  XX' 
and  PR,  passing  through  the  anterior  principal  focus  F.  PQ,  after 
refraction,  passes  then  through  F',  and  as  if  it  came  from  Q'.  PR 
again  proceeds  from  R'  parallel  with  the  axis ;  the  image  of  P  must 
lie  on  both  these  rays,  and  therefore  at  P',  where  they  meet.  From 
the  figure 

FH^RH  FH'_  Q'H' 
PQ    RQ'  P'R'"Q'R' 

putting  /  and  /'  for  FH  and  F'H',  and  u  and  v  for  PQ  and  P'E', 

and  remembering  that  RQ  =  R'Q',  we  get  by  addition =  1, 

or  the  same  formula  as  for  a  single  surface.  From  P  and  P'  drop 
perpendiculars  on  the  axis ;  P'X'  is  then  the  image  of  PX,  and  from 
the  figure  we  see  that  as  EH  =  P'X' 

PX    u-f  f 


6a.) 


P'X'      /  v-f 

or  adding  numerators  and  divisors  together 

olj  __u  +  {f-f) 
Im    V -(/-/)     •    •  • 

This  is  very  similar  to  6), /'-/ standing  for  R,  and  if  we  measm-e 
along  the  axis,  from  the  first  and  second  principal  points  respectively, 
two  Hues  equal  to/'  -/,  we  get  the  two  nodal  points  N  and  N',  which 
correspond  to  the  one  nodal  point  of  a  single  surface.  These  are 
evidently  separated  by  the  same  distance  which  separates  the  two 
principal  points.  The  one  nodal  point,  too,  is  the  unage  of  the  other, 
for  the  equation  for  conjugate  points  is  satisfied  when  for  we  put 
-     =  -  (/'  -/)  and  for  v,  W  =  (/  -/),  i.e.— 


N  N' 

XN  PX 


In  Fig.  131  we  see  that  as  from  6a.)  M_  =  iA  and  XX  is  in  the 
same  line  with  X'X',  and  PX  is  parallel  with  P'X',  the  triangles  PXK 
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and  P'X'N'  are  similar,  and  P  and  P'  are  any  pair  of  conjugate  points. 
The  nodal  points  are  so  situated  then  that  rays  loliicli  before  refraction 
are  directed  towards  the  first,  appear  after  refraction  fls  if  they  came 
from  the  second,  and  have  a  direction  parallel  to  their  original  one. 

There  is  an  important  relation  between  the  focal  distances  for  any 
system  of  refracting  surfaces  which  have  a  common  axis,  viz.,  lohatever 
be  the  number  of  refracting  media,  the  focal  distances  {measured  from 
the  principal  points)  are  to  each  other  as  the  index  of  refraction  of  the 
first  medium  is  to  that  of  the  last.  This  theorem  may  be  proved  in  a 
number  of  ways.  The  following  proof  is  based  on  the  relation  existing 
between  the  angles  of  deviation  of  an  incident  and  refracted  ray. 


] 
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Fig.  131. 


In  Fig.  128  we  have  Wi^u  tan  a  =  -v  tan  a  and  from  1  b) 
V  (m  +  R)  =     (f  -  E) 

'  *  v-E  V 

_  fi  tan  a 
tan  a 

i.e.,— 

obj  _  jj.  tan  a 
im       tan  a 

Now  if  there  are  n  media,  and  we  call  the  index  of  refraction  of  the 
first  ;u„  and  of  the  last  /x„  and  the  size  of  the  first  object  0,  that  of  its 
successive  images  O1O2  .  .  .  0„  we  should  have 

fiO  tan  a  =  /x^O^  tan  a,^ 
=  11^0^  tan 

=  /x„On  tan  a„ 
(Helmholtz,  Phys.  Opt.,  page  75.) 
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Again,  from  Fig.  131  we  see  that  :— 

0  :  0„=/  :  XT' 
.  •.  /Xo/'  tan  a  =  /i„  X'F'  tan  a„ 

When  X  moves  np  to  F,  z  =  HR  =  /  tan  a,  in  which  case 

/Xq/'  tan  a  =  /x„/tan  a 


or 


^  =  1 

l-n  f 

Tn  the  case  of  a  glass  or  other  lens  in  air,  the  two  focal  distances  are 
the  same,  and  consequently  the  nodal  points  couicide  Avith  the  principal 
points.  For  the  lenses  (biconvex  and  biconcave)  in  general  use,  the 
principal  planes  lie  within  the  lens,  so  that  the  interval  separatin<7 
them  is  less  than  the  tliickness  of  the  lens.    They  may  consequently 
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be  looked  upon  for  most  practical  purposes  as  coinciding  Avith  one 
vertical  line  which  divides  the  lens  into  two  similar  halves,  the  nodal 
points  being  also  merged  into  one  at  the  pomt  where  the  line  cuts  the 
axis.— See  Fig.  132. 

There  is  a  very  considerable  difference  m  the  position  of  the 
cardinal  points  in  different  eyes.  They  also  differ,  of  course,  according 
to  the  state  of  accommodation  of  the  eye.  Helmlioltz's  most  recent 
measurements  and  calculations  give  the  follomng  average  values  for 
the  eye  at  rest — anterior  focal  distance  (/)  15-498  mUlimetres,  posterior 
focal  distance  (/')  20-713  millimetres.  First  prmciiml  point  (H)  = 
1-753  millimetres  behmd  surface  of  cornea — second  prmcipal  point 
{H')  =  2-106  millimetres  behind  surface  of  cornea — first  nodal  point 
{N)  =  6-968  milliinetres,  and  second  nodal  point  (jSr')  =  7-321  milli- 
metres behind  surface  of  cornea.  On  the  assumption  of  a  full  accom- 
modative change,  by  Avhich  the  radius  of  curvature  of  the  anterior 
surface  of  the  lens  is  altered  from  10  millimetres  to  6  millimetres,  that 
of  the  posterior  surface  from  6  millimetres  to  5-6,  and  the  thickness  of 
the  lens  increased  from  3-6  to  4  millimetres,  so  that  its  anterior  surface 
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is  approximated  by  0-4  millimetres  to  the  cornea,  tlie  respective  values 
of  those  quantities  are  changed  to  the  foUoAving : — 

/=  13-99  millimetres, /'  =  18-692  millimetres,  H  from  cornea  = 
1-858  millimetres,  H'  from  cornea  =  2-257  millimetres,  N  from  cornea 
=  6-566  millimetres,  W  from  cornea  =  6-965  millimetres. 

From  these  figures  it  will  be  seen  that  the  interval  between  the 
first  and  second  principal  points  and  between  the  first  and  second 
nodal  points  is  very  small,  0-353  millimetres  for  the  imaccommodated, 
and  0-399  millinretres  for  the  accommodated  eye.  The  average  radius 
of  curvature  of  the  cornea  was  taken  at  7-829,  so  that  in  the  eye  at 
rest  the  second  nodal  point  (the  most  important  on  accoimt  of  the 
influence  of  its  position  on  the  size  of  the  retinal  images)  lies  very 
nearly  \  millimetre  in  front  of  the  centre  of  curvature  of  the  cornea, 
whilst  in  the  accommodated  eye  it  advances  so  as  almost  to  comcide 
■\nth  the  first  nodal  pomt  of  the  eye  at  rest. 

Wlien  glasses  are  placed  in  front  of  the  eye,  we  have  to  do  with  a 


Fig.  133.— (From  Helmholtz.) 


combination  of  two  systems  of  centered  refractmg  surfaces,  and  must 
know  what  is  the  difference  in  the  position  of  the  cardinal  points  of 
the  eye  alone  and  those  of  the  system  composed  of  eye  and  lens,  in 
order  to  understand  rightly  their  effect  on  the  sizes  of  the  images 
formed  on  the  retina. 

Helmholtz  has  given  the  following  simple  method  of  combining 
two  systems  whose  cardinal  jjoints  and  the  distance  mterveiung  between 
any  two  cardinal  points  in  the  two  systems  are  known.    In  Kg.  133, 

H'l  are  the  jirincipal  points  of  the  first  system  and  I-I2  and  H'g 
those  of  the  second  system.  Let  the  distance  intervening  between 
the  second  principal  jDoint  of  the  first  system  and  the  first  prmcipal 
point  of  the  second  system  be  denoted  by  D,  i.e., 

/  and  /'  are  the  focal  distances  of  the  first,  (/>  and  (//  those  of  the 
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second  system,  F  and  F'  those  again  of  the  combined  systems.  Tlie 
anterior  focus  of  tire  combined  systems  is  evidently  the  image  on 
refraction  tlrrough  the  first  system  of  rays  proceeding  from  the  anterior 
focus  of  the  second  system.    Putting  then 

D  -4>  for  V,  in  the  equation  /+  ^  =  1 


u  V 


we  get 


H,F  =  (£^ilZ 
Similarly 

H'F'-^^--^"') 

The  first  condition  for  the  principal  points  is  that  they  should  be  in 
the  relation  of  object  to  image.  Qliey  must  consequently  be  the  images 
given  by  each  system  of  some  other  point.  Let  P  be  that  point  and 
U  and  V  its  images  after  refraction  through  the  first  and  second 
systems  respectively.  In  order  that  U  and  V  shall  be  the  principal 
points,  they  must  satisfy  the  further  condition  that  images  in  the 
perpendicidar  planes,  through  these  points  shall  be  equal  in  size  and 
similarly  directed.  Putting  S  for  the  image  at  P,  0  and  0'  for  the 
images  at  U  and  V,  x  =  H'^^P  and  y  =  H,P 
we  have 

S  f'-x 

and 

S  4i-y 

To  have  0  =  0'  we  must  have 


or 


as  x  +  y  =  D,  we  have 


f  -X  0-7/ 
X  1/ 

7=^ 


X     D  -  X  ^  y    D  -y 

I        9  9  f 

Df  - 
.'.  X  =  — — and  7/  — 


</>+/       '  4>+f 

Agam 

H, U  =  and 
«-/ 

and  putting  in  the  above  values  for  x  and  ?/,  these  distances  H^U 
(which  we  may  call  h),  and  H'.^V  (which       "may  call  h'),  which  are 
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the  distances  respectively  of  the  first  principal  plaue  of  the  combined 
system  from  the  first  principal  plane  of  the  first  system,  and  of  tlie 
second  principal  plane  of  the  combined  system  from  the  second  prin- 
cipal plane  of  the  second  system,  have  the  following  values  : — 


ll 


7i'  = 


7.) 


For  F  and  F'  ^ve  have 

F  =  H^F  -  7i  = 


8.) 


In  the  problems  comiected  Avitli  the  eye,  the  first  system  is  a  lens  in 
front  of  the  eye  surrounded  by  air,  and  therefore  / = /'.  In  this  case 
the  values  of  A/i',  F  and  F'  are  further  simplified,  and  we  have 


h  = 

7i'  = 

F  = 

F'  = 


^ 

-/ 

-/ 

D  J 

.  8a.) 


If  the  lens  be  placed  in  front  of  the  eye  at  such  a  distance  from  its 
first  principal  plane  as  to  make  D  =  ^,  then 


li  =  -i> 

"  ~  f 

F  =  c/)  and  F'  =  c^'. 


The  first  principal  plane  remains  then  unaltered  in  position,  whilst 
the  second  is  moved  to  an  extent  depending  on  one  variable  only,  viz., 
the  focus  of  the  lens  in  front  of  the  eye,  and  backwards  or  forAvards, 
according  as  that  is  negative  or  positive.  As  the  distance  of  the  first 
nodal  point  from  the  first  principal  plane,  and  of  the  second  from  the 
second  principal  plane  is  eqiial  to  the  difference  between  the  two  focal 
lengths,  it  follows  that  when  D  =  the  first  nodal  point,  too,  remains 
unaltered  in  position,  and  the  second  is  moved  to  the  same  extent  as 
the  second  principal  plane. 
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Where,  the,  ametropia  is  axial  (which,  as  was  first  slunvn  hy 
Bonders,  is  most  freqtiently  the  case)  the  degree  of  elongation  or 
shortening  of  the  antero-posterior  axis  of  the  eye  is  equal  in  extent 
to  the  alteration  in  the  position  of  the  second  nodal  point  if  the 
correcting  lens  he  placed  at  the  anterior  focal  point  of  the  eye. 

This  tlieorem  is  proved  in  tlie  follomng  way :  If  </>  and  (j>'  be 
the  anterior  and  posterior  focal  distances  of  the  eye,  we  may  exjjress  the 
relation  between  the  conjugate  foci  u  and  v,  Avliich  represent  respec- 
tively the  distance  of  an  object  from  the  first  principal  plane  and  its 
image  on  the  retina,  and  therefore  the  distance  of  the  retina  itself  from 
the  second  principal  plane  of  the  eye,  by  the  formula  5  fi. 

4>4>' 

^"  -  ^  =  ■ 

■II-  (f) 

Now  when  the  lens  correcting  the  ametropia  is  at  the  anterior  focal 
point  of  the  eye,  its  focal  distance  /  may  be  put  for  m  -  ^  in  the  above 
equation,  which  then  becomes 

The  distance  from  the  second  principal  focus  of  the  eye  to  the  retina 
varies  therefore  indirectly  as  /  If  we  take  /  at  1  metre,  Ave  have  as 
the  axial  elongation  or  shortening,  producing  a  myopia  or  hyper- 
metropia  of  the  extent  corrected  by  a  minus  or  plus  lens  of  1  dioptre 
(taking  Helmlioltz's  values  of  ^  and  <^'), 

15-498  X  20-713  ^ 
=  lOOO  =  0-32  mm. 

Prom  this  we  see  what  a  comparatively  trifling  change  in  the 
length  of  the  eye  is  sufficient  to  give  rise  to  a  considerable  degree  of 
ametropia.  A  deviation  in  either  direction,  for  mstance,  to  the  extent 
of  the  breadth  of  a  shilling  would  require,  for  the  correction  of  the 
abnormality  in  refraction  which  it  Avould  produce,  a  lens  of  rather 
more  than  3  dioptres  if  placed  about  1 4  millimetres  from  the  cornea. 

W7icn  an  axial  ametropia  is  corrected  hy  a  lens  placed  at  the 
anterior  focus  of  the  eye,  the  retinal  images  which  it  receives  are 
the  same  size  as  if  the  eye  were  emmetropic. 

This  is  evident  from  the  fact  that  the  second  nodal  point  of  the 
combined  system  of  lens  and  eye  lies  just  as  far  in  front  of  or  behind 
that  of  the  eye,  as  the  ametropic  retina  lies  in  front  of  or  behind  the 
position  it  should  occupy  to  coincide  with  the  principal  focus  of  the 
dioptric  media  of  the  eye. 

Numerous  measurements  of  the  curvature  of  the  cornea  in  cases  of 
ametropia  have  shown  that  although  the  highest  degrees  of  myopia 
and  hypermetropia  are  often  associated  with  respectively  a  smaller  and 
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greater  radius  of  curvature  of  tlie  cornea,  still  there  appears  as  a  rule 
rather  to  be  a  tendency  on  the  part  of  the  corneal  curvature  towards  a 
correction  of  the  axial  abnormality. 

When  the  correcting  lens  is  placed  at  a  greater  distance  than  on 
the  average  13-14  millimetres  in  front  of  the  eye,  the  corresponding 
axial  elongation  is  less,  and  the  corresponding  axial  shortening  greater 
than  when  placed  in  that  position  {i.e.,  the  anterior  focal  point  of  the 
eye).  Conversely,  Avhen  the  correcting  lens  is  placed  at  a  shorter 
distance  from  the  eye  than  13-14  millimetres,  the  corresponding  axial 
elongation  is  greater  and  the  shortening  less  than  when  it  occupies 
that  position.    In  other  words — 

An  axial  myopia  requires  a  stronger  lens  for  its  correction  the 
furtlier  the  lens  is  placed  from  the  eye ;  an  axial  hypermetropia, 
on  the  other  hand,  a  wealcer  one. 

To  see  that  this  is  the  case,  we  have  only  to  make  D  greater  or  less 
than  (j),  when  we  get  ^l  —  4>  greater  than  /  for  a  positive  glass,  betAveen 
the  eye  and  its  anterior  focus,  and  for  a  negative  glass  farther  from  the 
eye  than  its  anterior  focus ;  wloilst  u  -  4>,  less  than  /,  would  stand  for 
a  positive  glass  farther  from  the  eye  than  its  anterior  focus,  and  for  a 
negative  glass  between  the  eye  and  that  point.  If  x  be  put  for  the 
difference  between  /  and  u-  <f),  Ave  have  in  the  first  case — 

—     =    — ,  and  for  the  second 


V  -  4>'  = 


f-x 


In  order  to  see  what  change  takes  place  in  the  positions  of  the  cardinal 
points  when  the  interval  between  the  glass  and  the  eye  is  increased 
more  and  more  from  D  =  we  may,  as  above,  put  D  =  cl>  +  x,  x  stand- 
ing for  the  variable  increase.  Putting  this  value  for  D  in  the  expres- 
sion for  F  and  F'  in  8  a),  Ave  get — 

F  =  ^  and 


F'  = 


f-x 

F     F'  / 


4>     ^  f-x 
'-''^     F'  =  -5'- 

That  is,  the  focal  distances  of  the  combined  system  are  greater  Avhen 
a  convex  glass  is  further  from  the  eye  than  its  anterior  focus,  or  a 
concave  nearer  than  its  anterior  focus,  and  less  when  a  concave  lens 
is  further  from,  and  a  convex  lens  nearer,  the  eye  than  that  distance. 
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Also  tlie  distance  of  the  nodal  points  =  (F'  -  F),  from  the  principal 
points  is  greater  or  less  luider  the  same  circumstances.  Again,  putting 
the  same  value  for  Y>  in  the  expression  for  7j  and  //,'  in  8a  we  get — 

A  =(*±^  and 

x-f 


x-f. 


Now  when  /  is  negative  the  above  value  for  li  increases  with  sc, 
though  not  so  rapidly  as  a?,  consequently  the  first  principal  point 
advances  as  a  concave  lens  is  withdrawn  from  the  eye.  Wlieu/is 
positive,  the  valiie  for  h  is  also  increased,  and  more  rapidly  than  x  ;  so 
that  the  first  principal  pomt  recedes  more  and  more  the  fiu-ther  a 
convex  lens  is  withdrawn  from  the  eye.  Again,  when  /  is  negative,  li 
is  positive,  and  increases  with  x  ;  therefore,  the  further  a  concave  glass 
is  in  front  of  the  eye,  the  more  does  the  second  prmcipal  point  of  the 
system  recede  from  the  position  occupied  by  the  same  point  in  the 
eye.  When  /  is  positive  li  is  negative,  and  increases  ^vlth  x ;  there- 
fore, the  further  a  convex  glass  is  held  from  the  eye  the  more  does 
the  second  principal  point  of  the  system  of  eye  and  lens  advance  from 
that  occupied  by  the  same  point  for  the  eye  alone.  As  the  distance 
from  the  first  principal  point  to  the  first  nodal  point  =  F'  -  F,  and  this 
in  the  case  of  a  concave  glass,  further  from  the  eye  than  its  anterior 
focal  distance,  is  less  than  0'  -  ^,  it  follows  that  the  first  nodal  point 
also  advances  more  and  more  and  to  a  greater  extent  than  the  first 
principal  point,  when  a  concave  lens  is  removed  from  the  eye.  The 
second  nodal  point,  which  lies  at  the  same  distance  F'  —  F  from  the 
second  principal  point,  recedes  more  and  more,  though  to  a  less  extent, 
than  the  second  principal  point  as  a  concave  lens  is  Avithdra-vra  from 
the  eye.    This  is  evident,  as  although  F'  -  F  is  less  than  <i'  -  <i),  its 

value,  ^'J  when  /  is  negative,  does  not  diminish  so  rapidly  with 

J  —X 

the  increase  of  x,  as  the  value  of  li,  viz.,  ^^'^^J'^  . 

'      '  x-f 

Again,  when  /  is  positive,  F'  -  F  is  greater  than  ^'  -  when  the 
•convex  lens  is  further  from  the  eye  than  its  anterior  focal  pouit ;  there- 
fore, as  this  position  of  the  lens  causes  the  anterior  prmcipal  point  to 
recede,  it  follows  that  the  anterior  nodal  point  recedes  still  further. 
The  second  nodal  point  advances,  though  not  so  far  as  the  second 
principal  point,  as  there  is  the  same  distance  between  the  two  nodal 
points  as  between  the  two  principal  pomts.  This  is  evident,  too,  from 
tiie  above  expression  for  h'  increasing  more  rapidly  with  x  than  does 

When  the  ametropia  is  corrected  by  a  glass  sittiated  further  in 
Jront  of  the  eye  than  its  anterior  focal  point,  the  image  received 
on  the  retina  of  the  eye  at  rest  is  smaller  in  the  case  of  myopia, 
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and  greater  in  the  case  of  liypermetropia,  than  that  tvhich  would 
he  received  hy  an  emmetropic  eye  tender  the  same  conditions 
ivithout  a  glass.  The  opposite  is  the  case  if  the  correcting  glass  is 
placed  nearer  the  eye  than  its  anterior  focal  point. 

This  may  be  shown  as  follows : — The  distance  from  the  second 
nodal  point  W  to  the  second  i^rincipal  focus  F'  (the  retina  in  the  case 

of   corrected  ametropia)  =  F' -  (F' -  F)  =  F  =  As   tlie  focal 

J—x 

distance  (/)  of  the  glass  to  correct  the  ametropia  increases  or 
decreases  to  the  same  amount  as  x,  the  denominator  of  this  expression 
for  F  always  remams  the  same  whilst  the  numerator  v  varies  with  /. 
Now  we  have  seen  (1.)  that  the  correcting  glass  for  myopia  is  stronger 
and  therefore  /  less,  the  correcting  glass  for  hypermetropia,  on  the 
other  hand,  weaker,  and  therefore  /  greater  the  further  it  is  from  the 
I  (^O  that  when  the  correcting  glass  is  at  the  anterior  focal  point 
of  the  eye  the  distance  between  the  second  nodal  point  and  the  retina 
is  the  same  as  in  the  case  of  emmetropia;  F,  however,  becomes 
smaller  Avith/  that  is,  Avith  the  increase  in  strength  of  the  dioptre 
lens  used  for  correction ;  therefore  the  distance  from  the  second  nodal 
point  to  the  retina  becomes  less  the  stronger  the  correcting  lens,  and 
it  is  less  for  correction  with  a  concave  glass  in  front  of  the  anterior 
focus  of  the  eye,  and  for  a  convex  one  between  the  eye  and  its 
anterior  focus  than  in  an  emmetropic  eye  of  equal  refracting  poAver. 
F,  on  the  other  hand,  increases  Avith  f,  that  is,  with  the  diminution  in 
the  strength  of  the  correctmg  lens ;  therefore  the  distance  betAveen  the 
second  nodal  point  and  the  retina  is  greater  the  Aveaker  the  correcting 
lens,  and  is  greater  for  correction  Avith  a  concave  glass  nearer  the 
eye  than  its  anterior  focal  point,  and  Avith  a  convex  lens  placed 
beyond  that  point,  than  in  the  case  of  a  corresponding  emmetropia. 
But  Ave  have  seen  that  the  sizes  of  the  retinal  images  are  larger  the 
further  the  correcting  convex  glass  is  from  the  eye,  or  the  nearer  the 
correcting  concave  glass,  and  vice  versa.  As  an  example,  take  the 
correction  of  an  ametropia  by  a  lens  of  12  D.  This  AviU  correspond  for 
correction  at  anterior  focus  to  an  axial  change  of  3-84  millimetres,  and 
in  the  case  of  myopia  Avill  also  be  corrected  by  a  -  13-0  D  lens,  6-4 
millimetres  m  front  of,  or  a  -H'O  D  lens,  7-6  millimetres  beliind 
the  anterior  focal  pomt  of  the  eye.  In  the  case  of  hypermetropia, 
again,  the  correction  is  also  effected  by  +11-0  D  lens,  7-6  milli- 
metres in  front  of,  and  a  +13-0  D  lens,  6-4  miUimetres  behind  the 
anterior  of  the  eye.    In  both  cases  we  have  for  correction  by  a  12-0 

D  lens,  F=15-5;  by  a  13-0  D,  F=  ^^'33.3^'^  =  14-31 ;  by  an  11-0 
-n  -n^_1'5--')x90-9 

^  ^  y3Ty —  =  16-91,  the  relative  sizes  of  the  images  being — 

for  correction  Avith  12-0 — 1. 

„  13-0—0-9168. 
„  11-0—1-091. 
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The  position  of  the  crystalline  lens  in  the  eye  has  an  influence 
on  the  refraction  of  the  eye.  Thus,  if  there  has  been  previously 
emmetropia,  an  advance  of  the  lens  produces  myo2na,  a  recession, 
hypermetropia. 

To  see  this  we  have  only  to  notice  Avhat  must  be  the  effect  of 
increasmg  D,  put  for  the  interval  between  the  apex  of  the  cornea  and 
the  first  principal  point  of  the  lens  in  the  formulse  for  the  values  of  h' 
and  As  D  increases  both  F'  and  h'  increase,  but  Y  more  rapidly 
than  7/  /  consequently  the  second  focal  distance  of  the  eye  increases 
with  D.  If  for  one  value  of  D  (usually  about  6  millimetres)  the  eye 
is  emmetropic  for  a  greater  value,  the  retina  lies  ui  front  of  the  focus, 
or  the  eye  is  hypermetropic,  Avliile  for  a  less  value  it  lies  beliind  the 
focus,  and  the  eye  is  consequently  myopic.  A  change  of  less  than 
J  millimetre  in  the  position  of  the  lens  is  sufficient  to  cause  an 
ametropia  of  1  D. 

We  have  seen  that  spherical  lenses  have  the  effect  of  altering  the 
position  of  the  range  of  accommodation.  They  also  produce  a  change 
in  the  actual  effective  amount  of  that  range.  Concave  glasses  increase 
and  convex  diminish  the  effective  range  of  accommodation.  Myopes 
have  therefore  a  certain  advantage  over  others  in  respect  of  accommo- 
dation, as  not  only  have  they  a  closer  near  point  without  correction, 
and  a  suitable  far  point  with  correction,  but  their  effective  range  of 
accommodation  is  increased  by  the  glass  which  they  wear  for  the  im- 
provement of  their  distant  vision.  Hypermetropic  individuals,  on  the 
other  hand,  have  the  double  disadvantage  of  a  frequently  too-distant 
near  point  without  correction,  and  a  curtailment  of  the  range  of 
accommodation  with  correction. 

The  influence  of  spherical  correcting  lenses  on  the  accommodative 
range  (A)  may  be  shown  in  the  following  way  : — The  addition  to  the 
refractive  power,  Avhich  takes  place  by  the  alteration  of  the  curvature 
of  the  lens,  may,  as  JSTagel  has  shown,  be  most  conveniently  looked 
upon  as  producing  the  same  effect  as  a  tliin  lens  of  the  power  A 
situated  at  the  first  principal  point  of  the  eye.  We  have  seen  that 
JST— F  =  A,  i.e.,  the  difference  between  the  dioptric  value  of  the  lens, 
which  at  the  first  principal  point  of  the  eye  has  its  focus  equal  to  the 
distance  of  the  near  point  (measured  from  the  principal  point),  and 
the  dioptric  value  of  that  which  in  the  same  situation  corresponds  in 
focal  value  to  the  distance  of  the  far  point,  is  equal  to  the  accommo- 
dative change.  This  difference,  therefore,  represents  the  range  of 
accommodation.  Now  let  us  imagine  the  lens  correcting  an  ametropia 
to  be  situated  also  in  the  first  principal  plane ;  it  is  obvious  that  the 
far  point  before  and  after  correction  Avill  be  conjugate  points  with 
respect  to  this  imagined  lens.  If  we  call  the  dioptric  value  of  the 
first  F,  and  of  the  second  F',  and  the  value  of  the  lens  L,  we  have 
therefore 

F'-F  =  L    ...  a) 
Inasmuch,  however,  as  it  is  of  course  impossible  to  give  the  correcting 
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lens  this  position,  we  may  call  the  value  of  the  correcting  lens  in  front 
of  the  eye  L'.  (This,  we  have  seen,  is  greater  in  myopia  and  less  in 
hypermetropia. )  The  distances  of  the  near  point  from  this  lens  hef ore 
and  after  correction  are  conjugate  points  with  respect  to  it.  If  we  call 
these,  as  represented  by  their  dioptric  values,  X  and  X',  we  have 

X'-X  =  L'    .    .    .  ^) 

subtracting  a  from  /3  Ave  get 

(X'-F)  =  (X-F)  +  (L'-L). 

jS'ow  puttmg  N  and  jST'  for  the  distances  of  the  near  point  from  the 
principal  point  of  the  eye  before  and  after  refraction  through  L' : — 

(X'  -  r\  =  (W  -  Y)  +  (X'  -  W)  =  A'  +  (X'  -  K) 
and  (K--F)  =  {N -¥)  +  {X-l^)  =  A  +  (K-N) 

.-.  A'  =  A  +  (L'  -  L)  +  (X  -  X')  +  (N'  -  N)  and 
X-X'=  -L'. 

Wlien  L  fully  corrects  the  ametropia — 

L  =  F  .-.  A'  =  N'. 

For  the  correction  of  myopia  L  is  negative  and  (N'  -  X)  negative,  but 
less  than  L.  Consequently  in  myopia  A'  is  greater  than  A.  For  the 
correction  of  hypermetropia  L  and  IST'  -  IST  are  positive,  but  L  greater 
than  (N'-JS).  Consequently  in  hypermetropia  A'  is  less  than  A. 
As  X'  -  X  does  not  increase  so  rapidly  as  L,  the  increase  or  diminution 
in  the  range  of  accommodation  increases  with  the  strength  of  the  lens 
used.  As  examples  take  the  cases  of  5  D  of  myopia,  or  hypermetropia 
with  10  D  range  of  accommodation,  and  fully  corrected  by  a  lens  15 
millimetres  in  front  of  the  first  principal  point  of  the  eye.  In  the 
case  of  M  =  5-0  1),  X  =  15-0  D  and  X  19-38  D  .-.  as  L'  =  5-405  D, 
X'  =  1.3-975  D,  and  A' =  X'  =  11-553  or  a  gain  of  1-5  D.  For  H  5-0 
A'  =  X'  =  8-738  or  a  loss  of  1-27  D. 

Again,  take  the  case  of  a  hypermetroj)ia  6-0  D,  and  with  a  range 
of  accommodation  of  8-0  D,  partially  corrected  by  a  +3-0  D  lens,  20 
millimetres  in  front  of  the  first  principal  plane. 

Here  L=3-19  D  and  A' =  8  +  4-62  -  2-0  -  3-19  =  7-43  D,  or  a  loss 
of  0-57  D. 


Absolute  and  Relative  Visual  Acuity. 

We  have  seen  (p.  524)  that  where  an  axial  ametropia  is  corrected 
by  a  lens  whose  second  principal  plane  coincides  with  the  anterior 
focal  plane  of  the  eye,  the  retinal  image  of  a  distant  object  is  the  same 
size  as  if  the  eye  were  emmetropic. 

In  Fig.  134,  A  and  B  are  two  rays  passing  from  two  extremities  of  a 
distant  object.  A  i)asses  througli  ^,  the  anterior  focus  of  the  eye,  and 
after  meeting  the  first  principal  plane  of  the  eye  proceeds  parallel  with 
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the  axis.  B  coincides  with  the  axis  itself,  a  /3  consequently  repre- 
sents the  size  of  the  retinal  image  of  the  distant  object.  That  the 
retinal  image  a  /3  will  be  the  same  size,  whether  the  eye  be  emme- 


tropic and  therefore  focussed  for  the  distant  object  mthout  any 
accommodation,  or  ametropic  and  corrected  by  a  lens  whose  second 
principal  plane  passes  through     is  seen  in  Kg.  135  as  A  and  B  suffer 


L 

Fig.  135. 


no  deflection  on  passmg  through  the  lens  L  L,  whose  optical  centre 
comcides  with  ^. 

Further,  the  same  retmal  image  will  correspond  to  the  same  angle 


L 

Fig.  136. 


A  B,  whatever  be  the  distance  of  the  object  accurately  focussed  in 
the  eye,  provided  the  dioptric  arrangement  of  the  eye  is  similar  in  all 
cases  and  does  not  alter  by  accommodation.    Thus  the  retinal  image 
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of  an  object  situated  at  the  far  point  of  an  eye  Avitli  axial  myojaia  will 
be  the  same  size  as  tlie  image  in  an  emmetropic  eye  at  rest  and 
focussed  by  a  convex  lens  which  corrects  for  the  same  distance,  and 
the  same  size  again  as  the  image  of  the  same  object  on  the  retina  of  an 
axial  hypermetropic  eye  corrected  by  a  stronger  convex  lens  for  the 
same  distance.    This  is  seen  in  Fig.  136. 

Now,  if  we  take  the  retmal  image  a  /3  so  small  that  it  can  just  be 
distinguished,  that  is  to  say  (see  Chap.  I.),  if  a  ^  be  the  smallest 
distance  separatmg  the  retmal  images  of  two  objects  which  it  is  just 
possible  to  recognise  as  discrete,  we  have  the  measure  of  the  absolute 
visual  acuity. 

As  a  /?  =  ^^^"^  the  absolute  visual  acuity  is  got  when  AB  is  the 

smallest  discernible  body  at  the  distance  Bc^  from  the  anterior  focus, 
for  which  the  imaccommodated  eye  is  focussed  with  or  -without  a 
correctmg  lens  at  its  anterior  focus. 

To  compare  the  visual  acuity  on  accommodation,  or  the  relative 

A' 


L 

B 

Ci  '  7'' 

/3 


riG.  137. 


visual  acuity  with  the  absolute,  we  have  merely  to  compare  the  size  of 
the  object  corresponding  to  the  smallest  retinal  image  on  accommodation 
Avith  that  at  the  same  distance  from  the  imaccommodated  eye,  focussed 
instead  by  a  lens  situated  at  its  anterior  focus. 

As  the  anterior  focus  of  the  accommodated  eye  is  shorter,  the 
nature  of  the  difference  is  shown  in  Fig.  137,  where  4>f^  represents  the 
altered  position  of  the  anterior  focus. 

From  the  figure  it  is  seen  that  the  image  a  /3  thus  corresponds  to 
a  larger  object,  and  as  this  holds  good  at  the  limit,  the  relative  visual 
acuity  is  less  than  the  absolute. 

We  may,  without  introducing  an  error  of  any  consequence,  look 
upon  the  accommodation  of  the  eye  as  effected  by  a  thin  lens  (of  focus 
f=u,  the  distance  for  which  accommodation  takes  place).  For  the 
new  anterior  focal  distance  of  the  altered  eye  we  have  from  8a.) 

^  =  rr-  •         "0  change  takes  place  in  the  i)osition  of  the  first 

(p  +  U 

principal  poiiit,  this  formula  is  sufficient  to  determine  that  of  </j^^. 
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jSTow,  as  tlie  focal  distance  of  the  eye  is  small  compared  with  the 
distance  for  Avliich  accommodation  ordinarily  takes  place,  Ave  may  with 
sufficient  accuracy  look  upon  the  sizes  of  the  retinal  images  of  an  object 
accommodated  for,  or  obtained  by,  a  lens  at  the  anterior  focus  of  the  eye 
at  rest  as  proportional  to  the  respective  distances  of  the  anterior  focus 
(see  rig.  138).  In  the  limit,  therefore,  Ave  have  relative  visual  acuity 
is  to  absolute  visual  acuity  as  altered  anterior  focus  is  to  anterior  focus 
of  eye  at  rest,  i.e., 


as 


-c^  9.) 


^  +  M 

Put  a  for  -,  Avhicli,  if  be  reckoned  in  metres,  represents  the  dioptre 
lens  of  focus     9),  then  becomes — 

^   9fl.) 

The  average  value  for      as  given  by  Helmholtz,  is  -015498  metre. 


A 


Fig.  138. 


We  have,  therefore,  as  a  formula  for  calculating  the  value  of  the 
relative  visual  acuity  or  a  dioptre  of  accommodation — 


1  + ■015498a 

For  4  dioptres  of  accommodation,  or  about  Avliat  is  required  for 
focussing  the  eye  for  the  reading  distance,  the  relative  Adsual  acuity 
(if  the  absolute  acuity  be  taken  as  unity)  Avould  be  -9416,  a  difference 
of  about  6  per  cent,  only,  or  1^  per  cent,  for  every  dioptre  of  accom- 
modation. This  amount,  though  hardly  of  any  practical  import,  is 
sufficient  to  make  a  quite  appreciable  difference  in  the  apparent  size. 
We  can,  for  instance,  readily  distinguish  an  equality  in  the  length  of 
objects  differing  much  less  than  6  per  cent,  from  each  other. 

Gullstrand  has  by  a  different  and  somcAvhat  lengtliy  analysis 
arrived  at  the  same  result  as  to  the  relative  visual  acuity  as  I  have 
here  given.  He  has  pointed  out  that  the  ordinary  Avay  of  deducuig 
the  change  in  the  visual  acuity  on  accommodation  from  the  degree  of 
displacement  of  the  second  nodal  point  is  Avrong. 

From  the  above  it  folloAvs  that  the  visual  acuity  of  an  uncorrected 
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liypermetrope  tested  at  a  distance  in  the  ordinary  manner  is  less  by 
\\  per  cent,  for  every  dioptre  of  liypermetropia  tlian  his  ahsohite 
A'isual  acuity. 

In  aphakia,  too,  the  absohite  visual  acuity  may  bo  taken  as  the 
acuity  found  Avhen  correction  is  made  at  the  anterior  focus  of  the  eye. 
This  is  greater  than  in  the  normal  eye  in  the  proportion  of  the  aphakic 
anterior  focal  distance  to  the  focal  distance  of  the  emmetropic  eye  of 
the  ordmary  build,  or  the  ametropic  eye  of  the  same  optical  build 
corrected  at  its  anterior  focal  pomt.  The  proportion  is  something  like 
23:15,  or  rather  more  than  3  :  2.  Just  as  in  liypermetropia  the  acuity 
is  increased  the  fiu-ther  the  correcting  lens  Hes  in  front  of  the  cornea. 

Hypermeteopia. 

This  is  the  most  common  condition  of  refraction,  and  is 
more  common  at  an  early  age  than  in  adult  life.  The  eyes 
of  new-born  infants  are  almost  invariably  hypermetropic.  In 
hypermetropia  there  is  a  disproportion  between  the  length  of 
the  eye  and  the  curvature  of  the  cornea,  and  it  is  not  easy  to 
say  whether  at  birth  the  hypermetropia  is  an  axial  or  curvative 
hypermetropia.  The  hypermetropia,  which  persists  after  adult 
life  has  been  attained,  is,  however,  almost  always  axial,  and 
not  only  is  the  antero-posterior  axis  abnormally  short,  but  the 
whole  eye  is  often  smaller  than  normal.  In  the  higher  degrees, 
indeed,  there  appears  to  be  a  kind  of  arrest  of  development, 
and  this  is  often  associated  with  a  defective  visual  acuity. 
The  acuity  of  vision  in  the  lower  degrees  of  hypermetropia  is 
usually  normal. 

Hypermetropes,  in  whom  the  defect  in  refraction  is  not 
corrected,  are  necessarily  obliged  to  exert  more  constantly,  and 
to  a  greater  extent,  their  power  of  accommodation  than  is  the 
case  with  emmetropes.  One  consequence  of  this  is  that  the 
ciliary  muscle  is  usually  very  strongly  developed  in  hyper- 
metropes, and  on  this  account  perhaps  the  strain  is  less  felt  than 
it  wordd  be  by  an  emmetrope  suddenly  rendered  hypermetropic. 
ISTevertheless  the  condition  of  refraction  is  frequently  associated 
with  a  feeling  of  tiredness  or  pain,  mostly  referred  to  the  supra- 
ciliary  region,  and  coming  on  when  the  eyes  liave  been  used  for 
a  longer  or  shorter  time  for  reading  or  other  work  near  at  hand. 
This  is  called  accommodative  asthenopia.  The  circumstances 
which  iniiuence  the  occurrence  and  severity  of  this  symptom  are 
— (1.)  The  degree  of  the  hypermetropia;  (2.)  the  age  of  the 
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individual ;  and  (3.)  the  state  of  the  general  health.  The  higher 
the  degree  of  hypermetropia,  so  long  as  there  is  a  possibility  of 
accommodating  at  all  for  the  distance  at  which  the  objects 
engaging  attention  are  placed,  the  more  likely  is  there  to  be 
asthenopia ;  and  again,  with  the  same  degree,  troubles  are  more 
frequent  the  older  the  individual,  because  the  range  of  accom- 
modation diminishes  with  age.  Difficulties,  too,  which  are 
overcome  without  much  effort  in  a  state  of  robust  health,  give 
rise  to  a  much  more  conscious  effort  in  conditions  of  physical 
and  mental  weakness  or  fatigue ;  consequently  accommodative 
asthenopia  is,  ceteris  paribus,  more  frequently  complained  of  in 
the  anaemic  and  delicate  than  in  the  robust  and  active. 

When  the  range  of  accommodation  is  much  restricted  after 
middle  age,  or  owing  to  paresis  of  accommodation,  the  difficulties 
of  a  hypermetrope  are  increased,  as  he  then  not  only  has  a 
difficulty  in  seeing  distinctly  objects  near  at  hand,  but  has  also 
defective  vision  for  a  distance.  This  condition,  in  which  the 
hj'permetropia  is  not  corrected  by  accommodation,  is  called 
absolute  hypermetropia. 

There  is  often  noticeable  in  hypermetropes  an  apparent 
divergence  of  the  eyes.  This  is  due  to  the  visual  axis  of  the 
hypermetropic  eye  passing  considerably  to  the  inner  side  of  the 
optic  axis. 

In  a  large  percentage  of  cases  of  convergent  strabismus  there 
is  found  to  be  hypermetropia.  The  connection  between  hyper- 
metro^Dia  and  convergent  squint  is  explained  in  the  chapter  on 
Strabismus.  Many  hypermetrojDes  only  occasionally  use  their 
power  of  accommodation  to  correct  their  distant  'sdsion,  and  thus 
do  not  constantly  keep  up  the  state  of  contraction  of  the  ciliary 
muscle.  They  are  in  the  habit  of  contenting  themselves  with 
an  imperfect  image  of  surrounding  objects,  unless  anytliing 
should  specially  attract  their  attention. 

Owing  to  the  tendency,  which  exists  in  by  far  the  greatest 
proportion  of  eyes,  for  the  antero-posterior  axis  to  become 
gradually  elongated  during  the  period  of  growth,  an  existing 
hypermetropia  is  often  diminished  in  degree  or  converted  into 
emmetropia,  and  even  myopia,  by  the  time  an  individual  has 
ceased  to  grow. 

The  treatment  of  hypermetropia  consists  in  the  wearing  of 
convex  glasses.    The  strength  required  is  that  which  corrects 
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the  manifest  portion  of  the  hypermetropia.  The  convex  glass 
chosen  is  therefore  the  strongest  with  which  the  individual 
retains  the  full  visual  acuity  he  possesses.  They  should  be  worn 
constantly,  for  a  distance  and  near,  if  asthenopia  be  complained 
of,  as  only  by  so  doing  is  sufficient  support  given  to  the  ciliary 
muscle.  When  there  is  no  asthenopia,  and  the  hypermetropia 
not  of  high  degree  relatively  to  the  age  of  the  individual,  it  is 
generally  sufficient,  if  glasses  be  used  at  all,  to  make  use  of  them 
for  near  work.  They  may  then  be  ordered  of  a  rather  greater 
strength  than  that  which  corresponds  to  the  manifest  hyper- 
metropia. 

Patients  with  hypermetropia  should  be  seen  from  time  to 
time,  at  intervals  say  of  a  year  after  they  have  first  begun  to 
wear  the  prescribed  glasses,  in  order  to  see  whether  there  is  any 
change  in  the  amoimt  of  their  manifest  hypermetropia.  In 
many  cases  there  is  none  during  the  years  of  growing,  at  any 
rate,  though  as  they  get  older  the  degree  corrected  constitutes 
often  more  and  more  of  the  total  amount.  In  others  there  is 
soon  found  to  be  a  further  amount  of  the  hypermetropia  which 
is  manifest,  and  which,  when  discovered,  should  be  corrected. 
Again,  in  some  children  there  is  a  pretty  rapid  diminution  of 
the  hypermetropia,  so  that  after  some  time  the  glasses  ordered 
have  become  too  strong,  and  weaker  ones  should  be  substituted 
for  them. 

Hypermetropes  have  often  small  pupils,  owing  to  the  con- 
traction of  the  pupil,  which  takes  place  along  with  that  of  the 
ciliary  muscle. 

By  the  constant  use  of  convex  glasses,  which  correct  the 
manifest  hypermetropia,  the  asthenopia  often  disappears  after  a 
short  time.  But  we  by  no  means  find  that  this  is  always  the 
case,  even  though  we  keep  the  accommodation  paralysed  for 
some  weeks,  and  prescribe  glasses  which  correct  the  whole,  or 
nearly  the  whole,  amount  of  the  hypermetropia.  The  fact  is, 
that  the  asthenopia,  whether  originally  set  up  or  not  by  the 
accommodative  difficulties,  is  in  many  cases  a  nervous  habit, 
which  it  is  difficult  to  break, — more,  therefore,  a  nervous  and 
not  merely  an  accommodative  asthenopia.  Marked  permanent 
hypermetropia  is  probably  always  inherited,  although  the 
heredity  is  not  always  easily  traced. 

As  has  already  been  explained,  the  hypermetropia  which 
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occurs  iu  old  age  is  an  index  hypcvmetropia,  produced  by- 
sclerosis  in  the  crystalline  lens. 

The  connection  between  hypermetropia  and  inflammation  of 
the  conjunctiva,  cornea,  and  lids,  has  been  much  exaggerated. 
There  can  be  no  doubt  that  they  are,  originally,  at  any  rate, 
completely  independent  affections,  but  it  seems  likely  that  they 
may  be  partly  kept  up  by  this  state  of  refraction,  as  the  use  of 
correcting  glasses  appears  not  infrequently  to  have  a  favourable 
effect  on  the  inflammatory  condition. 

There  are  no  ophthalmoscopic  appearances  specially  charac- 
teristic of  hypermetropia.  Sometimes  there  is  an  evident 
hypersemia  with  some  (usually  slight)  swelling  of  the  optic 
papillae.  In  a  small  proportion  a  white  crescent  is  seen  to  the 
temporal  side  of  the  disc,  due  to  the  opening  in  the  choroid, 
through  which  the  optic  nerve  passes,  being  larger  than  the 
sclerotic  opening,  but  this  appearance  is  more  frequently 
associated  with  the  abnormally  elongated  eye. 

Myopia. 

Myopia  is  more  frequent,  and  is  met  with  in  liigher  degrees 
in  adult  life  than  during  the  period  of  growth.  It  is  hardly  ever 
congenital,  and  usually  first  makes  its  appearance  after  the  age 
of  ten.  It  has  a  tendency  to  increase  up  till  the  time  when  the 
individual  is  fully  grown,  after  which,  in  the  vast  majority  of 
cases,  it  remains  stationary.  Progressive  myopia,  at  a  later 
period  of  life,  appears  to  be  more  common  in  women  than  in 
men. 

Myopia  is  mostly  axial,  and  though  not  congenital,  the 
tendency  to  the  elongated  shape  of  the  eye  is  undoubtedly 
inherited.  Except  in  the  higher  degrees  (above  8  to  9  D)  the 
visual  acuity  is  in  most  cases  normal,  and  the  eye  in  every 
respect  healthy.  The  visual  acuity  for  near  objects  is  generally 
greater  in  the  uncorrected  myopic  eye  than  in  the  accommodated 
hypermetropic  or  emmetropic  eye. 

When  uncorrected,  the  vision  for  distant  objects  is  indistinct, 
and  the  more  so  the  higher  the  degree  of  myopia.  Uncorrected 
myopes,  however,  with  the  same  degree  of  refractive  error,  do 
not  by  any  means  see  equally  badly  at  a  distance,  as  much 
depends  on  the  size  of  the  pupil,  and  more  perhaps  on  the  habit, 
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which  some  possess  to  a  much  greater  degree  than  others,  of 
making  much  out  of  a  bad  image.  Thus  we  invariably  find  that 
those,  otherwise  intelHgent  and  observant,  who  are  not  in  the 
habit  of  wearing  concave  glasses,  make  more  of  the  images,  i.e., 
arrive  unconsciously  at  a  more  perfect  cerebral  elaboration  of 
the  images  they  receive  of  distant  objects,  than  those  who  are 
constantly  in  the  habit  of  receiving  distinct  images  by  the  aid 
of  correcting  glasses. 

The  fraction  representing  the  visual  acuity  is  greater,  too, 
the  nearer  the  test  object  lies  to  the  far  point  of  the  eye,  and 
this  is  most  noticeable  in  cases  where  the  degree  of  the  myopia 
is  only  moderate.  Thus  while  V  tested  at  20  feet  may  be  only 
jij-,  it  may  be  i  to  ^  at  10  feet,  and  i  to  ^  at  5  feet.  In 
this  way  the  defective  vision  caused  by  myopia  differs  from 
am  hlyopia. 

The  pupils  in  myopia  are  usually  larger  than  normal,  so 
that  the  defect  of  distant  vision  is  in  this  way  increased.  The 
reason  of  this  is,  no  doubt,  the  absence  of  the  contraction  of  the 
ciliary  muscle,  which,  from  there  seldom  being  any  necessity  for 
accommodation,  is  not  brought  into  play  so  much  as  in  the  case 
of  the  other  conditions  of  refraction.  The  ciliary  muscle  in 
myopic  eyes  is  often  found  to  be  feebly  developed,  the  circular 
fibres  more  especially  being  conspicuous  by  their  absence. 

Myopes  have  often  a  sleepy  appearance,  owing  to  the  imper- 
fect manner  in  which  they  see  surrounding  objects  at  any 
distance.  For  the  same  reason  there  is  often  a  poking  of  the 
head  forwards,  a  shyness  of  character,  and  a  more  marked  fond- 
ness for  reading  and  study  than  is  e\TLnced  on  the  whole  by 
those,  the  state  of  whose  refraction  enables  them  to  see  more 
distinctly  surrounding  objects  or  individuals.  Hence  in  great 
measure  it  is  that  the  number  of  myopes  in  the  learned  pro- 
fessions, and  amongst  those  engaged  in  occupations  necessitating 
near  vision,  is  greater  than  is  to  be  found  amongst  those  who 
are  otherwise  occupied. 

There  is  sometimes  an  apparent  convergent  squint  in  myopes, 
due  to  the  circumstance  that  the  visual  axes  pass  slightly  to  the 
outer  side  of  the  optic  axes. 

Myopia  is  sometimes  also  the  result  of  disease,  and  when 
this  is  the  case,  it  as  a  rule  rapidly  assumes  a  high  degree,  and 
often  eventually  leads  to  blindness. 
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In  some  cases  of  myopia  the  absence  of  accommodative  im- 
pulses leads  to  an  insuiSciency  of  the  power  of  convergence, 
which  is  intimately  associated  with  accommodation.  Whilst 
the  associated  movements  to  either  side  are  effected  in  such  a 
manner  as  to  show  that  there  is  no  loss  of  power  in  the  interni, 
the  two  interni  muscles  are  unable  to  act  together  to  the  extent 
or  with  the  ease  that  is  required  for  comfortable  work  at  a 
distance  at  which  the  eyes  receive  distinct  images.  This  insvffi- 
ciency  of  convergence  is  often  wrongly  called  insufficiency  of  the 
interni.  It  gives  rise  sometimes  to  a  feeling  of  tiredness  when 
the  eyes  are  used  for  reading, — what  is  called  muscidar  asthen- 
opia, of  which  it  is  one  of  the  causes.  The  same  impediment  in 
the  performance  of  convergent  movements  is  apt,  under  circum- 
stances of  unequal  acuity  of  vision  in  the  two  eyes,  to  give  rise 
to  divergent  squint,  a  form  of  squint  more  frequently  associated 
with  myopia  than  with  other  conditions  of  refraction. 

There  is  frequently  an  ophthalmoscopic  appearance  to  be 
met  with  in  the  myopic  eye,  which,  although  not  absolutely 
characteristic  of  this  state  of  refraction,  is  more  frequently  con- 
nected with  it  than  with  such  as  are  due  to  a  less  elongated 
form  of  the  antero-posterior  axis.  The  appearance  referred  to  is 
that  of  a  white  patch,  usually  concentric  in  shape,  immediately 
to  the  outer  side  of  the  entrance  of  the  optic  nerve.  In  some 
cases  it  is  seen  above  or  below  instead  of  to  the  temporal  side. 
This  patch  is  due  to  an  absence  of  some,  or  all,  of  the  layers  of 
the  choroid  in  this  situation,  and  a  consequent  reflection  of  more 
or  less  light  by  the  white  sclera.  Its  size  bears  no  invariable 
relation  to  the  degree  of  myopia.  "When  large,  i.e.,  when  its 
breadth  is  nearly  equal  to  or  exceeds  the  diameter  of  the 
papilla,  and  more  especially  when  it  extends  all  round  the 
nerve,  it  is  always  associated  with  the  higher  degrees,  and 
must,  too,  be  looked  upon  as  pathological,  and  suggestive  of 
progressive  myopia.  The  white  myopic  crescent,  as  it  is  called, 
is  generally  bordered  with  pigment  where  it  meets  with  the 
edge  of  the  normal  choroid,  and  there  is  often  at  the  same 
time  an  appearance  of  the  central  vessels  of  the  nerve  being 
pushed  to  the  inner  side,  an  appearance  which  is  due  to  the 
edge  of  the  aperture  in  the  choroid  coming  closer  up  to  the 
nerve  than  it  does  when  there  is  no  crescent  on  the  other  side. 

In  many  cases  of  the  higher  degrees  of  myopia  wliere  the 
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abnormal  elongation  is  due  to  a  staphylomatous  protrusion  of 
the  back  part  of  the  eye,  and  consequently  the  myopia  is  the 
result  of  disease,  the  changes  round  the  nerve  are  produced  not 
only  by  displacement  of  the  choroidal  aperture,  but  by  degenera- 
tive changes  of  an  inflammatory  nature  as  well.  At  the  same 
time,  other  changes  are  met  with  in  the  region  of  the  macula 
lutea.  These,  notwithstanding  the  existence  of  more  or  less 
metamorphopsia,  or  the  appearance  of  distortion  of  objects  seen, 
are  at  first  not  very  evident,  but  as  the  myopia  progresses,  they 
usually  make  their  appearance  as  a  more  or  less  indefinite 
irregularity  in  the  retinal  pigment  layer  at  the  macula,  or  it 
may  be  small  whitish  or  yellowish-white  spots  in  the  same 
region.  At  later  stages  a  ring-shaped  pigmentation  surrounding 
a  more  or  less  degenerated  area,  is  often  seen,  and  in  extreme 
cases  actual  patches  of  considerable  size  may  occupy  the  site  of 
the  macula  or  the  retina  immediately  surrounding  it. 

The  treatment  of  myopia  consists,  in  the  first  place,  and  in 
all  cases  where  it  is  merely  a  type  of  refraction,  and  not  the 
manifestation  of  any  disease,  in  wearing  concave  glasses.  The 
glasses  worn  should  as  a  rule  be  those  which  fully  correct  the 
myopia.  Owing  to  the  power  of  accommodation,  stronger 
glasses  than  those  required  do  not  necessarily  render  the  vision 
less  distinct.  The  rule  is  therefore  to  give  the  weakest  con- 
cave glasses  which  admit  of  the  full  visual  acuity  which  the 
individual  has. 

When  prescribed  early  in  life,  the  correcting  glasses  may  be 
worn  both  for  distant  and  near  vision  without  causing  any 
discomfort,  and  with  the  advantage  of  rendering  unnecessary 
the  same  degree  of  convergence  of  the  visiial  axes  which  the 
uncorrected  myope  of  any  considerable  degree  is  in  the  habit  of 
exerting  when  reading.  This  is  not  always  the  case  if  glasses 
are  first  worn  later  in  life,  and  it  is  sometimes  necessary,  even 
before  the  age  at  which  presbyopia  shows  itself  in  emmetropes, 
to  iise  weaker  glasses  for  reading.  This  is  probably  owing  to 
the  unusual  relation  which  is  all  at  once  introduced  between 
the  convergent  and  accommodative  movements.  Thus,  whilst 
the  individual  has  hitherto  been  converging  up  to  the  distance 
of  his  far  point  without  exerting  any  accommodation,  he  has 
npw  all  at  once  to  associate  with  every  degree  of  convergence  a 
similar  degree  of  accommodation. 
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The  diminishing  effect  of  the  concave  glasses,  which  is  partly 
real  and  partly  apparent,  though  disagreeable  at  first,  generally 
very  soon  passes  off,  and  in  the  lower  degrees  of  myopia  is 
indeed  often  not  noticed  at  all.  The  same  may  be  said  of  the 
distortion  of  larger  objects  to  which  glasses  give  rise ;  indeed,  it 
is  most  remarkable  that  so  little  notice  should  usually  be  taken 
of  this. 

In  progressive  myopia  due  to  disease  great  care  should  be 
taken  to  avoid  any  undue  convergence  of  the  axes,  reading  in  a 
bad  light,  exposure  to  strong  light,  stooping,  &c.,  anything  in 
fact  which  might  be  likely  to  determine  or  keep  up  a  congestion 
of  the  eyes.  At  the  same  time  attention  should  be  directed  to 
the  general  health.  Counter-irritation  and  local  blood-letting 
are  also  recommended  and  may  sometimes  be  of  use. 

The  question  as  to  the  etiology  and  pathology  of  myoiDia  is  one 
of  no  little  diflficulty,  and  one  on  Avliich.  many  different  views  are 
entertained.  The  greater  frequency  of  this  state  of  refraction  in 
some  countries  compared  with  others  equally  civilised,  and  the  almost 
complete  absence  of  it  in  uncivilised  countries,  has  naturally  given 
rise  to  the  idea  that  it  is  associated  with  some  of  the  concUtions  of 
civilised  life  which  are  more  prevalent  in  some  parts  than  others.  Xo 
doubt  certain  circumstances  to  some  extent  influence  the  increase  of 
myopia  durmg  the  period  of  growth.  Eyes  at  that  time  appear  to 
have  a  tendency  to  adapt  themselves  to  the  conditions  under  which 
they  are  used.  But  great  confusion  has  been  introduced  by  a  failm-e 
to  discriminate  between  the  cases  of  short  sight  due  to  disease,  and 
those  much  more  niunerous  cases  which  are  the  expression  of  a 
particular  type,  and  are  no  more  to  be  looked  upon  as  pathological 
than  is,  for  instance,  the  attainment  of  a  greater  than  average 
stature. 

The  fate  of  many  cases  of  the  malignant  forms  being  assumed  as 
the  possible  fate  of  aU  cases  of  myopia,  has  given  rise  to  all  sorts  of 
theories,  suj^ported  either  by  statistics,  anatomy,  or  experiment,  to 
account  for  the  progression  Avhich  takes  place  during  the  period  of 
growth,  and  to  a  corresponding  number  of  more  or  less  unpractical 
proposals  as  to  how  such  progression  is  to  be  stopped.  Attention  has 
naturally  been  directed  to  schools,  from  which  statistics,  mamly  from 
America,  Germany,  France,  and  Switzerland,  have  clearly  shown  that 
the  percentage  of  cases,  as  well  as  the  degree  of  short  sight,  increases 
regularly  from  the  loAvest  to  the  highest  forms,  the  increase  being 
greater  amongst  the  children  of  the  better  class  schools  than  amongst 
charity  school  children.  This  has  been  taken  as  a  proof  of  the  adverse 
influence  of  school  Avork.  Tlie  main  blame  has  been  attached  to  vari- 
ous causes,  and  aU  the  possible  and  impossible  factors  have  been  up- 
held as  the  most  important.    Some  good  lias  undoubtedly  arisen  from 
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this  agitation,  as  it  has  led  to  niuch-noeded  reforms  in  foreign 
schools  in  the  way  of  better  ventilation,  better  light,  better  desks, 
and  more  particularly  greater  attention  being  shown  to  physical 
training. 

Not  only  have  different  conditions  associated  with  the  use  of  the 
eye  at  near  distances  been  supposed  to  give  rise  to  myopia,  but  many 
different  explanations  of  the  manner  in  which  any  particular  condition 
brings  about  the  elongation  on  which  the  myopia  depends  have  been 
advanced.  To  take  but  one  example  :  excessive  convergence  of  the 
visual  axes,  which  is  looked  upon  by  many  as  the  main  cause  of  the 
development  and  advance  of  myopia,  is  by  some  explained  as  acting 
by  causing  a  dragging  on  the  optic  nerves ;  l^y  others,  by  introducing 
either  increased  intraocular  tension  or  a  stasis  in  the  circidation,  re- 
sulting from  the  pressure  of  the  external  recti  on  the  eye-balls.  Some 
believe,  too,  that  this  may  occur  without  the  co-existence  of  any  actual 
diseased  condition  of  the  coats  of  the  eye  at  the  region,  which  becomes 
gi-adually  more  and  more  distended ;  whilst  others  hold  that  this  is 
impossible,  except  on  the  assumption,  for  which  they  find  more  or  less 
histological  evidence,  of  a  low  form  of  inflammatory  tissue  change. 
The  myopic  crescent  has  often,  too,  been  taken  to  be  the  forerunner 
of  a  staphyloma  posticum,  whereas  there  is  good  reason  to  believe  that 
in  most  cases  it  is  of  no  pathological  importance  Avhatever. 

The  position  of  our  knowledge  with  regard  to  myopia  appears  to 
me  to  be  as  follows  : — We  know  that  this  state  of  refraction  compara- 
tively rarely  begms  m.uch  before  puberty,  that  it  increases  regularly 
with  age  till  the  period  of  full  growth  has  been  arrived  at.  We  know, 
further,  that  this  increase  takes  place  independently  of  schooling,  and 
the  numerous  statistics  which  have  yet  been  published,  though  strongly 
suggestive  of  a  direct  influence  of  school  work  on  the  progression, 
have  by  no  means  clearly  estabUshed  the  existence  or  extent  of  such 
an  influence.  Even  should  it  exist,  there  Avould  be  no  reason  why 
any  pathological  condition  should  be  inferred  in  eyes Vhich  yielded 
to  it,  as  it  has  been  abundantly  shown,  and  is  the  experience  of  any 
one  who  has  paid  attention  to  this  question,  that,  notwithstanding  the 
continuance  of  the  same  conditions  as  to  reading,  &c.,  in  after  life,  the 
rule  is  for  the  myopia  to  remain  stationary.  The  natural  conclusion 
is,  then,  that  if  an  influence  is  proved  to  exist  at  all,  it  is  the  exj^res- 
sion  merely  of  an  adaptation  of  the  eye  to  the  work  it  is  mostly  called 
on  to  perform,  occurring  at  a  time  of  life  when  such  adaptations  are 
possible.  One  point  of  importance  is,  that  although  the  educated  classes 
present  a  far  larger  proportion  of  myopic  individuals  than  the  un- 
educated, still  it  is  amongst  the  latter  that  the  largest  proportion  of 
the  higher  and  more  complicated  forms  are  met  with.  This  fact  is  also 
an  indirect  evidence  in  favour  of  the  ordinary  myopia  being  in  no 
sense  a  disease.  The  malignant  form  is  relatively  much  rarer  than  the 
statistics  of  any  ophthalmic  clinic  would  lead  one  to  suppose,  owing 
to  the  circumstance  that  so  many  myopes  of  the  ordinary  type,  having 
no  retinal  defect,  readily  find  out  how  to  correct  their  refraction  them- 
selves.   We  fincl,  too,  an  undoubted  hereditary  predisposition  to  ordi- 
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nary  myopia,  whereas  little  or  none  seems  to  exist  in  connection  with 
the  malignant  form.  This  heredity  is  markedly  visihle  in  America, 
where,  notwithstanding  the  subjection  to  the  same  conditions  of  school 
life,  there  is  a  great  difference  in  the  percentage  of  myopes  found 
amongst  the  children  of  German,  English,  or  Irish  parentage.  It 
appears  to  be  a  pretty  definitely  established  rule  that  those  .countries 
Avhich  have  longest  been  civilised  have  the  largest  ])roportion  of 
myopes,  and  that,  too,  to  a  large  extent  independently  of  whether  or 
not  at  the  present  time  they  are  the  most  advanced  in  an  educational 
point  of  view.  Evidently,  then,  the  adaptation  that  has  taken  place 
in  the  eyes  to  the  requirements  of  civilisation  in  the  way  of  early 
education  has  been  slow,  and  probably  influenced  more  Ijy  heredity 
than  by  individual  application.  We  have  no  statistics  to  show  in  how 
far  the  condition  of  short  sight  has  acted  on  the  choice  of  a  profession, 
and  consequently  those  which  demonstrate  the  preponderance  of 
myojiia  in  the  learned  professions  are  far  from  being  conclusive,  as 
they  are  generally  taken  to  be,  of  the  influence  of  study  in  causing  or 
increasing  it.  In  a  society  in  which  the  possession  of  a  certain  amount 
of  education  is  a  requirement  of  the  higher  classes,  the  ordinary  laAvs 
of  natural  selection  must  be  at  work,  causing  a  preponderance  of 
myopia  in  these  classes.  On  the  other  hand,  in  saA^age  commimities, 
where  so  much  depends  on  the  possession  of  good  distant  vision,  the 
same  laws  must  act  towards  preventing  the  perpetuation  of,  or  even 
actually  extermmating,  the  myoj^ic  type.  The  higher  degrees  of 
hypermetropia  appear  also  not  to  be  met  with  in  saA^age  communities. 
The  same  laAV  of  the  survival  of  the  fittest  AA^ould  act  against  the 
per^jetuation  of  this  type. 

A  considerable  difficulty,  it  must  be  confessed,  is  now  and 
then  experienced  in  determining  whether,  in  any  particular  case, 
the  myopia  is  to  be  looked  upon  as  pathological  or  not,  so  that 
it  is  not  always  easy  to  draw  a  sharp  line  between  the  two  forms. 
This  is  not  to  be  wondered  at,  as  the  short  sight  at  the  time  of 
examination  may  be  the  only  symptom  of  what  is  actually  a 
disease. 

Whatever  be  the  cause  of  the  probable  increase  in  the  exist- 
ing tendency  to  progression  in  myopic  eyes  during  the  period  of 
growth,  which  application  of  the  eyes  to  near  objects  produces, 
there  can  be  little  doubt  that  the  proper  treatment  consists  in 
Avearing  the  correcting  lenses.  Any  operative  treatment,  such 
as  tenotomy  of  the  external  recti,  paracentesis  of  the  cornea, 
sclerotomy,  &c.,  the  indication  for  which  rests  entirely  on  theo- 
retical considerations,  is  altogether  unjustifiable  in  the  present 
state  of  our  knowledge. 
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Astigmatism. 

In  the  conditions  of  refraction  hitherto  discussed,  we  have 
seen  that  the  rays  proceeding  from  an  external  point  met,  after 
refraction  through  the  transparent  media  of  the  eye,  at  some 
other  point,  or  as  nearly  at  a  point  as  the  existence  of  spherical 
and  chromatic  aberration  admitted  ;  that  is  to  say,  the  refraction 
was  symmetrical  round  the  optic  axis.  When  this  is  not  the 
case  the  eye  is  said  to  be  astigmatic  (a,  a-Tbyfia,),  the  name  first 
given  to  this  condition  of  refraction  by  Whewell. 

Two  forms  of  astigmatism  occur.  The  want  of  symmetry 
may  be  of  such  a  nature  that  the  greatest  refraction  of  the 
rays  takes  place  in  one  plane,  whilst  the  least  refraction  takes 
place  in  the  plane  at  right  angles  to  that  plane,  the  refraction 
in  intermediate  planes  being  regularly  intermediate  in  amount 
(though  different  in  nature).  This  is  what  is  called  regular 
astigmatism.  The  cause  is  mostly  a  difference  in  the  curvature 
of  different  meridians  of  the  cornea,  a  difference  which  may  be 
congenital  or  acquired.  In  highly  astigmatic  eyes  the  whole 
globe  appears  more  or  less  evidently  flattened  in  one  direc- 
tion, so  that  the  deformity  does  not  exist  in  the  cornea  alone. 
Eegular  astigmatism  admits  to  a  certain  extent  of  optical 
correction. 

When  the  meridians  of  greatest  and  least  refraction  are  not 
at  right  angles  to  each  other,  there  is  what  is  called  irregular 
astigmatism.  This  condition  rarely  admits  of  optical  correction 
to  any  extent,  and  is  caused  by  an  irregularity  in  the  curvature 
of  cornea  or  lens. 

The  character  of  a  regular  astigmatism  differs  according  to 
the  position  of  the  principal  foci  of  rays  refracted  through  the 
meridians  of  greatest  and  least  curvature.  If  the  focus  of 
either  coincides  with  the  layer  of  percipient  elements  of  the 
retina,  the  astigmatism  is  simple.  Two  forms  of  simple  astig- 
matism occur :  (1.)  Simple  myopic  astigmatism,  and  (2.)  Simple 
Jigpermetropic  astigmatism.  In  the  first,  the  focus  of  rays 
passing  through  the  most  highly  refracting  meridian  of  the 
cornea  is  situated  in  front  of  the  retina,  whilst  that  of  the 
rays  passing  through  the  meridian  at  right  angles  coincides 
with  the  retina.— (Fig.  139,  A.)  In  the  second,  the  focus  of 
rays  passing  through  the  feeblest  refracting  meridian  is  some- 
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where  behind  the  retina,  and  that  of  the  most  highly  refracting 
meridian  on  the  retina. — (Fig.  139,  B). 

The  astigmatism  is  com'poimcl  if  neither  of  these  foci  coin- 
cide with  the  retina.  Compound  astigmatism  occurs  in  three 
forms. 

(1.)  Compotcnd  myopic  astigmatism,  when  both  the  focus  of 
rays  through  the  highest  and  that  through  the  lowest  refracting 
meridians  lie  in  front  of  the  retina. — (Fig.  139,  C). 

(2.)  Compound  hypermetropic  astigma- 
tism, when  these  foci  are  both  behind  the 
retina— (Fig.  139,  D) ;  and 
^  (3.)  Mixed  astigmatism,  when  the  one 

focu.s  lies  in  front  and  the  other  behind  the 
retina.— (Fig.  139,  E). 

Mixed  astigmatism  occurs  much  less 
B  frequently  than  the  other  forms.  The 
compound  forms  are  the  most  common. 
According  to  some,  hypermetropic  is  more 
common  than  myopic  astigmatism,  whilst 
p  others  have  found  the  two  about  equally 
prevalent.  In  this  respect  there  are 
evidently  local  differences  just  as  in  the 
proportion  of  myopia. 

A  certain  degree  of  astigmatism  exists 
(  J.  .      D    probably  in  all  eyes,  but  it  is  only  when 

J  the  difference  in  refraction  in  planes  at 

right  angles  to  each  other  is  at  least  0"50  D 
that  an  o^Dtical  correction  is  called  for. 
E  The  correction  is  made  by  means  of 
cylindrical  lenses,  or  lenses  which  are 
portions  of  a  cylindrical  surface,  and  in 
Fig.  139.  which  there  is  therefore  one  direction  not 

curved,  corresponding  to  the  axis  of  the 
cylinder.  This  direction  is  called  the  axis  of  the  cylindrical 
lens.  The  direction  at  right  angles  to  this  is  that  of  greatest 
curvature,  and  the  only  one  in  which  the  curve  is  circular. 
Fig.  140  shows  the  piano-cylindrical  glass,  convex  and  concave. 

For  the  correction  of  astigmatism  the  axis  of  the  cylinder 
is  placed  parallel  with  that  meridian,  which,  in  the  case  of 
simple  astigmatism,  is  emmetropic,  and  which,  in  the  case  of 
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compound  astigmatism,  has  been  rendered  emmetropic  by  a 
spherical  lens. 

The  vision  of  astigmatic  individuals  is  more  or  less  distinct 
according  to  the  degree  of  the  astigmatism  and  the  nature  of 
the  objects  looked  at.  For  ordinary  print,  for  instance,  and 
for  most  external  objects,  whose  characteristic  directions  are 
vertical  and  horizontal,  the  direction  of  the  chief  meridians  makes 
a  difference.  If  the  vision  be  tested  for  lines  radiating  in  all 
directions,  it  will  be  found  that  in  simple  astigmatism  lines 
parallel  to  the  ametropic  meridian  can  always  be  seen  distinctly. 
The  reason  of  this  is  obvious,  as  the  distinct  vision  of  a  line 
mostly  depends  on  the  accurate  focussing  of  rays  which  proceed 
from  every  point  on  it  in  planes  which  are  at  right  angles  to  its 
direction.    In  compound  hypermetropic  and  mixed  astigmatism 


lines  in  some  particular  direction  can  also  usually  be  seen  dis- 
tinctly, owing  to  one  of  the  meridians  being  corrected  for  by 
accommodation.  The  lines  which  appear  most  indistinct  are 
those  at  right  angles  to  the  clear  ones.  Sometimes  the  lines  at 
right  angles  to  the  hypermetropic  meridian  appear  most  dis- 
tinct owing  to  the  emmetropic  meridian  having  been  rendered 
myopic  and  the  hypermetropic  meridian  emmetropic  by  an 
accommodative  change. 

The  eye  is  mostly  accommodated  for  the  focus  of  the  rays 
passing  through  one  of  the  principal  meridians  instead,  i.e.,  for 
one  of  the  focal  lines.  There  appears  to  be  a  preference  for 
focussing  the  vertical  focal  line,  and  this  is  possibly,  as  Javal, 
who  first  called  attention  to  it,  suggested,  owing  to  the  possi- 
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bility  of  at  the  same  time  improving  the  vision  for  horizontal 
lines  by  closing  the  lids. 

The  line  most  distinctly  seen  in  compound  hypermetropic 
astigmatism  usually  (though  not  always)  corresponds  in  direc- 
tion with  the  most  ametropic  meridian,  and  in  mixed  astigma- 
tism with  the  myopic  meridian.  In  compound  myopic  astigma- 
tism no  line  is  seen  very  distmctly,  and  the  concave  glass,  which 
makes  one  line  distinct,  is  the  measure  of  the  amount  of  myopia 
in  the  least  myopic  meridian,  the  direction  of  the  line  most 
distinctly  seen  being  that  of  the  more  highly  myopic  meridian. 

The  manner  in  which  those  who  are  congenitally  astigmatic 
see,  is  not  very  easy  to  understand.  By  holding  a  cylindrical 
lens  in  front  of  one's  own  eye,  one  may  produce  a  distortion  of 
images  pretty  similar  to  that  which  any  one  with  the  corre- 
sponding degree  of  astigmatism  must  receive  on  his  retina.  The 
fact,  however,  of  this  distortion  having  always  existed  makes  it 
impossible  for  him  to  be  conscious  of  it.  But  the  curious  thing 
is,  that  the  cylinder  correcting  the  astigmatism  rarely  produces 
any  appearance  of  distortion,  so  that,  both  with  and  without 
correction,  objects  appear  of  much  the  same  shape,  though 
blacker  or  more  sharply  defined  with  the  correcting  glass.  The 
appearance  of  radiating  lines  in  a  fan  must  be  much  the  same 
as  that  produced  by  holding  a  cylinder  in  front  of  a  non- 
astigmatic  eye. 

The  diagnosis  of  astigmatism  may  be  made  both  subjectively 
and  objectively.  As  in  the  case  of  the  diagnosis  of  myopia  and 
hypermetropia,  the  former  is  the  more  satisfactory  if  the  patient 
be  at  all  intelligent,  and  the  visual  acuity  on  correction  not 
much  below  the  normal ;  but  objective  methods  for  the  testing 
of  astigmatism  are  less  likely  to  lead  to  errors  in  the  estimation 
of  the  amount  of  astigmatism  present  than  in  the  other  con- 
ditions of  ametropia.  Their  uncertainty  lies  more  in  determining 
its  position,  i.e.,  whether  simple,  compound,  or  mixed. 

The  subjective  test  for  astigmatism  is  best  made  with  cylin- 
drical lenses  and  Snellen's  test  types,  and,  as  far  as  the  estimation 
of  its  degree  goes,  is  easier  and  requires  less  knowledge  of  the 
theoretical  and  clinical  aspects  of  refractive  anomalies  than  the 
testing  of  myopia  or  hypermetropia.  The  reason  of  tliis  is,  that 
a  cylindrical  lens,  if  not  of  the  proper  strength,  and  not  properly 
situated  to  correct  the  astigmatism,  does  not  produce  the  desired 
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improvement  in  vision,  and  is  disagreeable  owing  to  the  dis- 
tortion of  objects  to  wliicli  it  gives  rise.  But  a  cylindrical  lens 
will  often  improve  the  ametropic  vision  to  a  considerable  extent, 
although  not  required.  On  account  of  the  visual  disturbance 
being  less  in  the  case  of  astigmatism  than  in  a  similar  ametropia 
of  the  same  degree,  one  should  always  begin  testing  with  spherical 
lenses.  When  it  is  found  that  spherical  lenses  produce  no  im- 
provement at  all,  or  only  a  certain  degree  of  improvement  as 
tested  with  Snellen's  types,  we  may  either  proceed  at  once  to 
try  whether  any  improvement  is  to  be  got  with  cylindrical 
lenses  added  to  the  weakest  concave  spherical  lens  which  gives 
the  best  vision,  or  the  strongest  convex  one  which  does  not 


Pig.  141. — Snellen's  test  for  astigmatism.    Figure  reduced  nine  diameters. 


make  the  vision  any  worse ;  or  we  may  determine  which  of  a 
number  of  radiating  lines  are  seen  most  distinctly  without  any 
spherical  glass,  or  with  the  addition  of  such  a  glass.  In  this 
way  the  refraction  in  one  of  the  meridians  is  obtained,  and  if 
the  form  (Fig.  141)  sometunes  called  "  Snellen's  rising  sun  "  be 
used,  an  indication  is  afforded  at  the  same  time  of  the  extent  of 
visual  aciuty,  which  the  addition  of  a  suitable  cylindrical  lens 
may  lead  one  to  expect  to  find.  After  this  cylinder  is  found, 
and  the  position  in  which  its  axis  has  to  be  placed — and  this 
must  be  done  by  testing  with  which  cylinder  the  vision  is  most 
acute — we  must,  by  adding  a  weak  convex  lens,  see  whether 
some  of  the  correction  is  not  made  by  an  accommodative  change, 
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and  eventually  choose  the  combination  of  glasses  in  a  case  of 
compound  astigmatism,  in  which  the  best  vision  is  got  with  the 
weakest  concave  or  strongest  convex  spherical  lens. 

A  useful  objective  method — by  which,  however,  the  exist- 
ence only,  and  not  the  amount,  of  the  astigmatism  can  be 
diagnosed — consists  in  observing  whether  the  image  of  the 
disc  alters  in  shape  as  the  lens  used  in  making  an  indirect 
ophthalmoscopic  examination  is  withdrawn  from  or  approached 
to  the  eye.  If  it  does  so,  there  must  be  astigmatism.  The 
reason  of  this  will  be  readily  understood  from  the  explanation 
of  the  alteration  of  the  size  of  the  image  obtained  in  this  way 
given  at  page  508,  and  by  a  reference  to  Fig.  126.  A  difference 
in  the  state  of  refraction  in  different  meridians  of  the  eye  causes 
the  change  in  size  to  take  place  with  different  degrees  of  rapidity 
in  different  directions,  or,  in  the  case  of  mixed  astigmatism,  to 
increase  in  one  direction  and  diminish  in  that  at  right  angles, 
so  that  in  either  case  an  alteration  in  shape  must  take  place. 
It  is  often  convenient  to  make  this  qualitative  test  before 
proceeding  to  try  the  effect  of  cylinders;  or  if  there  be  any 
doubt  as  to  the  change  of  shape  on  withdrawing  the  lens,  and 
the  papillae  appear  oval  when  the  lens  is  held  close  to  the  eye, 
we  may  proceed  to  ascertain  its  shape  on  direct  ophthalmoscopic 
examination.  If  the  oval  is  then  at  right  angles  to  its  former 
direction,  there  must  be  astigmatism.  In  this  alternate  ex- 
amination by  the  indirect  and  direct  we  possess  a  delicate  test 
for  the  existence  of  astigmatism. 

The  obvious  reason  for  tliis  rectangular  difference  is,  that  in 
the  direct  examination  the  most  highly  curved  meridian  of  the 
eye  examined  produces  the  effect  of  a  stronger  magnifying  glass, 
and  therefore  causes  a  drawing  out  of  the  image  in  that  direction. 
By  the  indirect  method  of  examination  the  stronger  combination, 
which  results  from  the  more  highly  refracting  meridian  and  the 
convex  lens,  gives  rise  to  a  correspondingly  smaller  inverted 
image.  As  a  rule,  the  direction  of  the  long  diameter  of  the 
oval  is  vertical  when  seen  in  the  direct,  horizontal  when  in  the 
indirect  image.  It  follows  from  what  has  been  said  that,  how- 
ever oval  a  papilla  may  appear,  it  is  not  an  indication  of 
astigmatism,  unless  the  shape  differs  by  the  direct  and  indirect 
methods  of  ophthalmoscopic  examination,  or  on  withdrawing  the 
lens  in  the  latter  method  of  examination. 
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One  of  the  simplest  and  best  objective  tests  for  astigmatism  is 
made  by  retinoscopy.  By  noticing  with  which  spherical  lens  a 
reversal  of  the  shadow  first  takes  place  in  one  meridian,  and 
then  with  which  other  glass  the  reversal  takes  place  in  the 
meridian  at  right  angles  to  the  first,  which  is  done  by  rotating 
the  ophthalmoscope  mirror  first  round  one  axis,  and  then  round 


Fig.  142. — Javal's  ophthalmometer. 


that  at  right  angles  to  it,  we  are  able  to  determine  very 
approximately  the  degree  of  astigmatism.  It  is  evident  that 
the  difference  in  the  strength  of  the  lenses  which  first  reverse 
the  shadow  in  the  two  directions  is  the  measure  of  the  astis- 
matism,  provided  that  there  has  been  no  change  in  the  amount 
of  accommodation  during  the  examination.    The  x^osition  of  the 
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astigmatism  cannot,  on  the  other  hand,  be  got  with  certainty 
unless  the  accommodation  be  XDaralysed.  When  this  is  not 
done,  it  is  necessary,  after  finding  its  degree,  to  ascertain  by  the 
ordinary  subjective  tests,  when  this  is  possible,  the  position,  or 
at  any  rate  the  position  which  may  most  suitably  be  taken  for 
purposes  of  optical  correction. 

It  has  already  been  said  that  regular  astigmatism  is  mostly 
due  to  differences  in  curvature  of  the  cornea  in  different  directions. 
These  differences  in  curvature  can  be  ascertained  by  means  of 
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Fig.  143. 

Javal's  ophthalmometer,  and  the  astigmatism  calculated  in  this 
way.  This  instrument  (Fig.  142)  consists  of  a  telescope  placed 
horizontally]  and  so  arranged  as  readily  to  be  directed  on  the 
cornea  of  the  eye  to  be  examined.  Firmly  fixed  to  the  telescope 
is  a  graduated  arc  of  35  centimetres  radius,  the  centre  of  which 
is  in  a  line  with  the  axis  of  the  telescope,  and  therefore  also 
with  the  visual  axis  of  the  patient  when  it  coincides  with  that 
of  the  telescope.    On  either  side  of  the  midpoint  of  the  arc  are 
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Fig.  144. 

two  movable  white  figures.  These  are  the  objects  whose  images 
on  reflection  from  the  cornea  are  seen  magnified  by  the  tele- 
scope. By  means  of  two  prisms  joined  at  their  apices  suitably 
placed  in  the  tube  of  the  telescope  the  two  corneal  images  are 
doubled.  When  the  objects  are  placed  at  a  certain  distance 
apart,  one  of  the  images  of  the  one  object  can  then  be  made  to 
appear  to  be  close  up  to  one  of  the  images  of  the  other  object. 
This  is  seen  in  Fig.  143.    The  distance  separating  the  two  objects 
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which  produces  this  effect  will  depend  upon  the  curvature  of 
the  cornea.  Now,  if  in  one  position  of  the  arc,  say  the  hori- 
zontal, the  white  objects  have  been  so  placed  that  the  one  of 
their  corneal  images  exactly  touch,  but  do  not  overlap  each 
other,  and  it  is  found  that  an  overlapping  takes  place  when  the 
arc  is  rotated,  so  as  to  take  up  a  position  at  right  angles  to  its 
former  position,  evidence  is  thus  afforded  of  a  difference  in  the 
radius  of  curvature  of  the  cornea  in  different  meridians,  i.e., 
of  corneal  astigmatism.  In  Javal's  instrument  while  the 
one  object  is  rectangular,  the  other  is  so  shaped,  in  steps. 


Fig.  145. — Placido's  disc,  J  diameter. 


that  for  every  step  overlapping  in  the  meridian  of  greatest 
curvature  there  corresponds  one  dioptre  of  astigmatism.  This 
is  shown  in  Fig.  144,  which  represents  4  dioptres  of  corneal 
astigmatism. 

Javal's  optometer,  though  affording  a  simple  and  trust- 
worthy means  of  calculating  the  amount  of  astigmatism,  has 
the  disadvantage  of  being  expensive.  Placido  has  devised  a 
simple  method,  by  which,  however,  only  qualitative  results  are 
obtained,  and  the  directions  of  greatest  and  least  curvature 
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shown  at  a  glance.  It  consists  of  a  piece  of  cardboard  or  sheet 
tin  8  to  10  inches  in  diameter,  on  which  a  number  of  alternately 
black  and  white  concentric  circular  bands  are  painted  from  \  to 
\  an  inch  in  breadth.  A  small  hole  is  pierced  in  the  centre 
of  the  disc,  and  the  apparatus  is  used  in  the  following  way : — 
The  individual  to  be  tested  is  placed  with  his  back  to  the 
window,  and  directed  to  look  at  the  centre  of  the  disc,  which  is 
held  in  the  observer's  hand  and  close  up  to  his  own  eye,  but 
at  a  convenient  distance,  not  closer  than  the  observer's  near 
point  from  the  eye  of  the  individual  examined.  The  observer 
sees  through  the  hole  in  the  disc  the  image  of  the  concentric 
rings,  which,  if  there  be  no  astigmatism,  appear  circular ;  hvX 
if  the  curvature  of  the  cornea  be  different  in  different  directions, 
are  elliptical  in  shape,  the  long  axis,  or  the  direction  in  which 
the  image  is  largest,  corresponding  with  that  of  least,  the  short 
with  that  of  greatest,  corneal  curvature.  If  there  be  irregular 
corneal  astigmatism,  it  is  very  beautifully  seen  by  the  use  of 
such  a  disc.  Care  must  of  course  be  taken  in  usmg  Placido's 
disc  that  its  plane  is  at  right  angles  both  to  the  vertical  and 
horizontal  planes  through  the  eye. 

Many  other  subjective  as  well  as  objective  tests  for  astigmatism 
are,  or  have  been,  in  use,  some  of  wHcli  need  only  to  be  referred  to 
here,  as  the  results  are  less  satisfactory,  or  are  only  arrived  at  b^^  the 
expenditure  of  more  time  than  by  the  application  of  such  as  have  been 
fidly  explained.  Of  the  subjective  tests  more  or  less  in  use,  may  be 
mentioned  the  method  by  the  use  of  stenopaic  shts,  which  consists  in 
determming  by  means  of  a  narrow  slit  in  front  of  the  eye  the  position 
in  which  vision  is  most  acute,  and  then  takmg  as  a  measure  of  the 
degree  of  astigmatism  the  lens  whose  focal  strength  equals  the 
difference  between  that  which  corrects  in  this  position,  and  that 
Avhich  corrects  for  the  position  of  the  slit  at  right  angles  to  the  first. 
This  method  is  principally  defective  on  account  of  the  tendency  which 
there  is  to  accommodate  to  different  extents  for  the  different  positions 
of  the  sHt.  Then  there  is  Tweedy's  optometer,  constructed  on  a  prin- 
ciple, first  used  by  Javal,  which  consists  in  first  determining  the  dis- 
tance at  which  with  any  particular  convex  lens  a  line  parallel  to  one  of 
the  principal  meridians  of  the  eye  is  sharply  defined,  and  afterwards  the 
distance  at  which  a  line  at  right  angles  to  the  first  is  properly  focussed. 
From  the  difference  between  these  two  chstances  the  degree  of  astig- 
matism is  calculated.  This  method  is  difficidt,  on  account  of  the 
difficulty  of  being  sure  that  the  test  lines  are  really  properly  focussed, 
but  it  is  not  altogether  free  from  the  difficulty  of  securing  the  same 
amount  of  accommodation  throughout  the  examination.  Stokes'  lens, 
which  consists  of  a  concave  and  convex  cylinder  of  equal  strength,  the 
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axis  of  wliich  may  be  placed  in  any  position  relative  to  each  other, 
and  thereby  produce  the  effect  of  cylinders  of  varying  strengths,  has 
this  defect,  that  although  capable  of  correcting  the  astigmatism,  it  does 
so  by  producing  the  effect  of  a  convex  glass  in  one  meridian  and  a 
concave  in  the  other.  Of  objective  methods,  one  frequently  attempted 
is  that  of  determining  the  refraction  Avith  the  ophthalmoscope  (erect 
image),  first  for  vessels  parallel  Avith  one  meridian,  and  afterwards 
for  vessels  parallel  with  the  meridian  at  right  angles  to  the  first.  This 
method  is  not  only  tedious,  and  only  possible  after  considerable  practice, 
but  is  even  more  uncertain  in  its  results  than  Avhen  iised  for  the 
estimation  of  the  degrees  of  ametropia. 

It  is  usually  the  vertical  meridian,  or  some  meridian  not  far 
from  the  vertical  on  either  side,  which  is  most  curved,  and 
therefore  the  most  myopic  or  least  hypermetropic  meridian ; 
but  the  exceptions  to  this  rule  are  numerous.  Sometimes  the 
ametropic  meridians  lie  at  right  angles  to  each  other  in  the  tv^o 
eyes,  so  that  much  of  the  visual  defect  in  either  eye  is  made  up 
for  when  both  eyes  are  used  together.  The  amount  of  astigma- 
tism is  more  frequently  different  in  the  two  eyes.  Though 
often  the  same,  it  is  not  always  exactly  so  for  near  as  for 
distant  vision.  Even  when,  as  is  most  frequently  the  case,  no 
appreciable  difference  in  the  astigmatism  of  the  unaccommo- 
dated or  accommodated  eye  exists,  it  is  not  always  the  cylinder 
which  admits  of  the  best  distant  vision  that  is  found  most 
suitable  for  near  vision.  Many,  for  instance,  and  especially  if 
they  are  over  thirty  years  of  age,  whose  myopic  astigmatism  is 
corrected  by  a  concave  cylinder,  prefer  to  use  a  convex  one  for 
reading,  with  the  axis  at  right  angles  to  the  position  in  which 
the  concave  one  has  to  be  placed.  The  effect  of  this  is,  of 
course,  to  render  the  emmetropic,  or  more  nearly  emmetropic, 
meridian  as  myopic  as  the  other,  and  not  to  neutralise  the 
myopic  meridian.  The  cause  of  this  preference  is  not  always, 
or  even  most  frequently,  connected  with  a  habit  of  accom- 
modating for  a  distance  at  which  the  rays  passing  through  the 
meridian  of  greatest  curvature  are  focussed,  as  might  be 
supposed,  as  generally  there  is  a  preference  given  both  for 
distant  and  near  vision  for  the  focussing  of  lines  in  the  same 
direction.  It  is  probably  due  to  its  introducing  a  more  com- 
fortable relation  between  accommodation  and  convergence. 
Most  young  individuals  with  myopic  astigmatism  seem  to  prefer, 
however,  concave  cylinders  both  for  distant  and  near  work. 
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The  higher  degrees  of  astigmatism  (above  4"0  D)  are  not 
common.  The  highest  I  have  met  with  as  a  congenital  condi- 
tion, has  been  8-0  D,  but  still  higher  occur.  In  by  far  the 
greatest  number  of  cases  which  call  for  correction  the  amounv- 
is  from  I'O  to  4-0  D. 

From  what  has  been  already  said,  it  will  readily  be  under- 
stood that  the  amount  of  improvement  got  by  cylindiical  cor- 
rection varies  very  much  in  different  cases,  as  this  depends  on 
the  direction  of  the  astigmatism,  the  intelligence  of  the  indi- 
vidual, and  the  amount  of  possible  visual  acuity  in  each  case. 

To  understand  the  nature  of  refraction  in  an  astigmatic  eye,  we 
must  consider  what  must  be  the  course  of  the  rays  proceeding  from  a 
point  after  refraction  at  a  surface,  the  curvature  of  which  differs  m 
different  directions.  In  Fig.  146  let  SS'  and  era-'  be  respectively  the 
merichans  of  greatest  and  least  curvature,  SS'  being  vertical  and  cro-' 


Fig.  146. 

horizontal.  !N"ow,  if  we  take  the  rays  from  an  infinitely  distant  point 
wliich  are  refracted  in  these  meridians,  we  have  f\  and  f\  the  respec- 
tive foci  of  such  rays  lying  at  a  definite  distance  from  the  surface. 
The  interval  separating  f\  and  f\  is  called  the  focal  interval.  At  f\ 
a  horizontal  distance,  x  y,  separates  the  extreme  rays  refracted  through 
the  meridian  crcr',  and  aty'g  a  vertical  distance,  x  y',  separates  the  extreme 
rays  refracted  through  the  surface  in  the  plane  of  SS  after  they  haA^e 
met  and  crossed  &\,f\.  x  y  is  called  the  anterior  focal  line  and  x  y 
the  posterior  focal  line  of  the  refracting  surface.  It  can  be  shown 
that  all  rays  from  the  distant  pomt  pass  through  these  two  focal  lines, 
or  more  correctly  through  elongated  figure  of  8  areas  which  may  sufli- 
ciently  approximately  be  looked  upon  as  lines.  These  lines  are  there- 
fore the  sections,  at  the  distances  of  the  foci  of  the  principal  meridians, 
of  the  circular  bundle  of  rays  Avhich  meets  the  surface  parallel  with 
its  axis.  At  other  distances  this  section  has  anotlier  form,  and  from 
being  a  horizontal  line,  becomes  successively  an  ellipse  with  the  long 
axis  horizontal,  a  circle,  an  ellipse  with  the  long  axis  vertical,  and  a 
vertical  luie.  These  forms  of  the  section  of  refracted  rays  are  indicated 
in  the  figure. 
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Without  introducing  any  great  error,  we  may  take  ab  =  a  (3  =  z, 

z       x'  y' 
and  — -M-  = 

z   ^  xy 

c  fi    fi  f-2 
xy_  ^cf 

"   ^' y'  c// 

That  is,  the  anterior  focal  line  is  to  the  posterior  focal  line  as  the  short 
focus  is  to  the  long.  The  anterior  focal  line  is  therefore  always 
shorter  than  the  posterior.  The  position  of  the  circular  section  is 
therefore  nearer  the  anterior  than  the  posterior  focus.  If  we  call 
the  diameter  of  the  circle  d,  and  its  distance  from  f\,  m-^,  and  from 
f'g,      Ave  have 

_x  y  _c  f'o 
~  0-  y     c  f\ 

From  this  we  see  that  the  greater  the  difference  in  the  two  focal  dis- 
tances the  nearer  relatively  does  the  circle  of  diffusion  lie  to  the 
anterior  focus. 

Only  the  rays  refracted  in  the  planes  in  which  the  centres  of  curva- 
ture of  the  two  principal  meridians  lie  meet  at  a  point.  It  is  for  this 
reason  that  the  meridians  of  gTcatest  and  least  curvature  are  called  the 
pi-incijpal  meridians.  Those  rays  which  meet  the  surface  along  any 
other  meridian  jDass  each  other  without  cutting,  for  the  reason  that 
the  normals  to  all  other  meridians  do  not  lie  in  the  same  plane.  On 
this  account  an  astigmatic  eye,  whatever  the  position  of  the  astigma- 
tism, can  only  be  accurately  focussed  for  lines  in  two  directions  which 
are  at  right  angles  to  each  other. 

One  effect  of  cylindrical  correction  is  that  the  magnification  of  the 
retinal  image  is  unequal  in  the  meridians  for  which  the  correction  is 
made.  That  this  is  the  case  Avill  be  apparent  by  reference  to  the 
remarks  on  relative  visual  acuity  at  p.  531.  A  curvature  myopia  may 
be  looked  upon  as  giving  rise  to  the  same  shortening  of  the  anterior 
focal  distance  (comiDared  with  that  of  the  typically  built  emmetropic 
eye)  as  is  caused  by  an  accommodative  myopia  of  the  same  degree. 
The  absolute  visual  acuity  in  the  myopic  meridian  in  the  case  of 
myopic  astigmatism,  corrected  by  a  cylinder  at  the  anterior  focus  of 
that  meridian,  will  be  less  than  the  absolute  acuity  of  the  emmetropic 
meridian.  This  difference  wiU  depend  iipon  the  degree  of  astigmatism. 
It  wiU  be  equal  to  the  difference  between  the  relative  acuity  of 
an  emmetropic  eye,  accommodated  for  a  distance  corresponding  to  the 
far  point  of  the  myopic  meridian  of  the  astigmatic  eye,  and  the  absolute 
acuity  of  the  same  emmetropic  eye. 

In  myopic  astigmatism,  the  cylindrical  correction,  therefore,  \)xo- 
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duces  a  diminution  of  the  image  in  the  myopic  meridian,  as  compare:! 
Avith  that  of  the  meridian  at  right  angles  to  it.  For  a  similar  reason 
the  cylindrical  correction  in  hypermetropic  astigmatism  leads  to  a 
magnification  of  the  image  in  the  hypermetropic  meridian.  It  would 
thus  appear  that,  as  has  recently  been  pointed  out  by  GuUstrand,  thei-e 
must  be  a  difference  between  the  sizes  of  the  retinal  images,  formed  on 
cylindrical  correction,  of  equally  large  objects  by  the  meridians  of 
greatest  and  least  curvature,  amounting  to  something  like  \\  per  cent, 
for  every  dioptre  of  astigmatism.  In  the  case  of  sim])le  astigmatism, 
this  difference  may,  to  a  slight  extent,  be  lessened  by  bringing  the 
cylinder  close  to  the  eye.  In  compound  astigmatism  the  degree  to 
which  this  is  possible  with  a  sphero-cylindrical  correction  could  hardly 
be  appreciable. 

It  is  no  doubt  greatly  OAving  to  this  difference  of  magnification  in 
different  meridians  that  astigmatic  individuals  see  objects  differently 
on  proj)er  correction  than  they  do  without  correction,  e.g.,  circles 
appear  more  or  less  distinctly  elliptical,  squares  longer  in  one  direction 
than  another,  &c. 

Kegular  astigmatism  is,  as  has  been  said,  mainly  corneal.  The  total 
amount  of  astigmatism  found  on  a  complete  subjective  examination 
rarely,  however,  coincides  with  that  which  the  measurement  of  curva- 
ture of  the  principal  meridians  of  the  cornea  by  means  of  the  ophthal- 
mometer enables  one  to  calculate  as  the  degree  of  corneal  astigmatism. 
There  are  several  reasons  for  this.  One  which  has  been  long  knomi 
since  Thomas  Young  demonstrated  the  existence  of  it  m  his  own  eye  is 
a  certain  degree  of  lenticular  astigmatism  Donders  found  that  the 
astigmatism  due  to  the  crystalline  lens  generally  tended  to  counteract 
the  corneal  astigmatism.  It  does  so  when,  as  is  the  rule  (see  jd.  533), 
the  vertical  meridian  of  the  cornea  has  the  greatest  curvature.  On  the 
other  hand,  in  corneal  astigmatism  contrary  to  the  rule,  that  caused 
by  the  lens  leads  to  an  additional  amount.  For  the  same  reason  there 
may  be  astigmatism  found  subjectively  where  there  is  a  complete 
absence  of  corneal  astigmatism. 

Lenticular  astigmatism,  whether  it  be  manifest  or  masked  by  a  con- 
trary corneal  astigmatism,  is  very  rarely  indeed  at  all  high.  It  is  due 
to  a  certain  amount  of  obhquity  of  the  lens  Adiose  axis  does  not  coin- 
cide but  makes  an  angle  Avitli  the  visual  axis.  This  angle  is  greatest 
in  the  liorizontal  plane.  Tscherning,  avIio  has  recently  measured  it  in 
a  number  of  eyes,  finds  that  it  varies  as  a  rule  from  3°  to  7°.  The 
astigmatism  produced  by  the  greater  obliquity  is  not  much  more  than 
■J  of  a  dioptre. 

Another  circumstance  Avhich  leads  to  the  corneal  astigmatism,  as 
estimated  by  the  ophthalmometer,  not  corresponding  to  the  subjective 
or  what  might  be  called  the  clinical  degree  of  astigmatism,  one,  too, 
which  is  ajjparently  of  greater  importance  than  the  lenticular  astigma- 
tism, is  the  irregularity  in  the  amount  of  curvature  at  different  parts 
of  the  cornea.  As  a  consequence  of  this,  the  degree  of  astigmatism 
necessarily  varies  with  the  size  of  the  pupil,  as  was  first  pointed  out 
by  Tscherning.    That  determined  by  the  ophthalmometer,  on  the  other 
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hand,  is  the  same  for  the  same  eye  Avhatever  be  the  size  of  the  pupil, 
as  the  reflections  from  which  it  is  deduced  always  take  place  from  the 
same  points  on  the  cornea;  from  small  areas  not  very  far  removed 
from,  and  on  either  side  of,  the  point  at  which  the  visual  axis  cuts  the 
cornea.  The  astigmatism,  as  shown  by  the  ophthalmometer,  is  in  fact 
that  which  would  be  produced  by  the  differences  of  curvature  of  a 
narrow  zonular  portion  of  the  cornea  (of  2  to  3  mm.  in  diameter) 
siu-rounding  the  visual  axis.  The  measurements  made  by  Helmholtz 
and  others  with  the  original  ophthalmometer  led  to  the  conclusion  that 
the  surface  of  the  cornea  of  a  non-astigmatic  eye  was  sufficiently  ap- 
proximately an  ellipsoid  of  revolution,  while  that  of  an  astigmatic  eye 
was  ellipsoidal.  The  calculations  which  led  to  this  conclusion  were 
based  on  only  a  few  measurements  at  different  parts  of  the  cornea. 
As  the  visual  axis  was  not,  as  a  rule,  found  to  coincide  with  the 
antero-posterior  axes  of  the  ellipsoid,  the  angle  formed  between  these 
two  axes  received  the  name  angle  a.  Quite  recent  measurements,  made 
by  Sulzer  with  the  more  easily  manipulated  ophthalmometer  of  J  aval 
have-clearly  shown  that  the  form  hitherto  assumed  for  the  cornea  is 
not  that  which  it  really  presents.  With  Javal's  instrument  it  is  easy 
to  determine  the  ciuwature  "svitli  great  accuracy  at  many  different 
points.  The  result  of  Sulzer's  examination  has  been  to  show  that  in 
non-astigmatic  eyes  the  central  portion  of  the  cornea  is  very  approxi- 
mately spheroidal.  At  about  15°,  or  on  an  average  2  mm.  from  the 
point  at  which  the  cornea  is  cut  by  the  visual  axis,  a  pretty  abrupt 
increase  in  its  radius  of  curvature  begins  to  take  place.  From  here 
onwards  towards  the  periphery,  the  cornea  is  more  nearly  ellipsoidal, 
the  eccentricity  of  the  ellipsoid  at  any  point  increasing  on  passing 
towards  the  margin.  There  is  further  to  be  found  a  degree  of  want 
of  symmetry  in  the  cornea,  as  there  does  not  appear  to  be  an  equal 
amoimt  of  diminution  of  curvature  for  equal  distances  along  the  two 
principal  meridians,  or  even  for  equal  distances  along  the  two  halves 
of  the  same  meridian. 

The  extent  to  which  these  peculiarities  of  shape  Avhicli  characterise 
the  great  majority  of  cornese  influence  the  total  degree  of  astigmatism, 
as  compared  with  that  found  with  the  ophthalmometer,  depends  upon 
the  size  of  the  pupil,  and  upon  the  degree  of  its  decentration.  Sulzer 
found  the  centre  of  the  pupil  situated,  as  a  rule,  from  2°  to  9°,  or 
on  the  average  5°  to  the  temporal  side  of  the  visual  axis.  The 
usual  effect  of  the  summation  of  the  different  degrees  of  astigmatism 
at  different  parts  of  the  pupillary  area  of  the  cornea  was  found  to 
be  as  follows : — (1.)  That  in  eyes  which  do  not  shoAV  any  astigma- 
tism with  the  ophthalmometer,  there  is  found  subjectively  a  slight 
degree  of  astigmatism  contrary  to  the  rule.  (2.)  That  in  eyes  showing 
■with  the  ophthalmometer  a  low  or  moderate  amount  of  ordinary 
astigmatism,  the  subjective  astigmatism  is  found  to  be  less,  altogether 
absent  or  contrary  to  the  rule  according  to  the  ophthalmometric 
amount,  the  degree  of  corneal  asymmetry,  the  size  of  the  pupil,  and 
the  extent  of  its  decentration.  (3.)  That  in  eyes  showing  with  the 
ophthalmometer  an  astigmatism  contrary  to  the  rule,  there  is  found 
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subjectively  a  higlier  amount  of  the  same  variety  of  astigmatism, 
owing  to  the  influence  of  the  temporal  portions  of  the  cornea  for 
which  the  astigmatism  is  more  pronounced  ;  and  (4.)  That  in  eyes 
showing  Avith  the  ophthalmometer  a  high  degree  of  ordinary  astigma- 
tism, the  subjective  astigmatism  is  often  found  to  be  even  higher. 

Very  soon  after  the  ophthalmometer  came  to  be  generally  used  as 
a  clinical  instrument,  the  difference  between  the  degree  of  total 
astigmatism  as  determined  subjectively  and  that  found  mth  the 
ophthalmometer  attracted  attention.  The  explanation  first  given  by 
Javal,  and  one  which  seems,  notwithstanding  its  a  jp'iori  improbability, 
to  have  received  an  astonishing  amount  of  support,  was  that  by  an 
irregular  or  unequal  contraction  of  the  ciliary  muscle,  the  lens  could 
be  rendered  to  a  certain  extent  astigmatic,  so  as  in  some  degree  to 
overcome  the  corneal  astigmatism.  Before  the  question  as  to  whether 
such  partial  contractions  of  the  ciliary  muscle  really  take  place  or  not 
can  be  definitely  settled,  ophthalmometric  measurements  of  the  curva- 
ture of  the  lens  at  different  points  of  its  surface  Avill  have  to  be  made. 
Tscherning  has,  however,  pretty  clearly  shown,  and  liis  view  has  been 
confirmed  by  Sulzer,  that  the  differences  in  question  are  mainly  due  to 
the  shape  of  the  cornea  itself. 

The  importance  of  a  consideration  of  this  subject  at  all,  apart  from 
its  scientific  interest,  lies  in  the  practical  clinical  deductions  which 
have/  been  made  on  the  assumption  of  the  correctness  of  Javal's 
explanation.  It  has  been  held,  for  instance,  that  the  supposed 
irregular  contractions  of  the  ciliary  muscle,  induced  in  the  effort  to 
contract  a  corneal  astigmatism,  are  effected  Avith  an  amoimt  of  strain 
which  gives  rise  to  headache  and  other  nervous  disturbances,  to  a 
tendency  to  increase  of  myopia,  and  even  to  corneal  inflammations. 

Headaelies  d.ue  to  astigmatism. — While  there  can  be  little  doubt 
that  in  some  Avay  or  other  astigmatism  may  give  rise  to  headaches,  it 
is  equally  certain  that  its  influence  in  tliis  respect  has  been  greatly 
exaggerated.  In  my  experience,  cases  of  astigmatism  contrary  to  ±he 
rule  are  more  likely  than  the  more  common  variety  to  cause  head- 
ache. The  higher  the  degree  of  astigmatism,  and  the  more  defective 
the  vision  either  produced  by  or  accompanying  the  refractive  error, 
the  more  likely  is  headache  to  be  complained  of.  In  healthy  indi- 
viduals a  slight  degree  of  astigmatism  up  to  1  "5  D  is  not  at  aU  hkelj' 
to  cause  persistent  headache.  In  delicate,  overworked,  neurotic 
people,  on  the  other  hand,  it  certainly  seems  as  if  the  inconvenience 
caused  by  even  a  comparatively  trifling  astigmatism  may  tend  to  keep 
up  the  headaches  of  which  they  are  apt  to  complain.  In  such  cases 
it  is  right  that  the  proper  correction  should  be  Avorn,  even  although 
one  must  be  prepared  often  to  find  little  benefit  obtained  by  it. 

Ieregular  Astigmatism. — A  want  of  symmetry  in  the  cur- 
vature of  the  lenticular  or  corneal  surfaces  sfives  rise  to  irregular 
astigmatism.  This  condition  may  be  either  congenital  or 
iicqiiired.    The  congenital  is  mostly  dependent  upon  abnormal 
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conditions  of  the  crystalline  lens;  the  acquired  form,  on  the 
other  hand,  is  mainly  the  result  of  alterations  in  the  corneal 
curvature  caused  by  cicatricial  contractions  following  inflam- 
mations of  that  structure.  Irregular  astigmatism  from  partial 
dislocation  of  the  lens  is  occasionally  met  with,  and  in  such 
cases  the  refractive  anomaly  is  partly  due  to  the  unsymmetrical 
curvature,  and  partly,  as  I  have  seen  in  some  cases,  to  a  wrink- 
ling of  the  lens  capsule. 

The  lenticular  form,  whether  congenital  or  acquired,  is  often 
more  pronounced  for  near  vision,  the  defects  of  the  lens  being 
more  marked  when  it  has  undergone  an  accommodative  change. 
The  sclerosis,  which  takes  place,  too,  in  the  lens  as  age  advances, 
tends  to  increase  the  existing  defects  on  which  the  irregular 
astigmatism  depends.  This  abnormality,  besides  producing  more 
or  less  defective  visual  acuity,  is  occasionally  associated  with  the 
consciousness  of  distorted  vision  (metamorphopsia)  as  well  as 
with  polyopia. 


Tig.  147. — Distortion  of  Placido's  rings  on  reflection  from  a  cornea 
with  irregular  astigmatism. 

Irregular  astigmatism  does  not  admit  of  optical  correction, 
though  many  eyes  which  exhibit  this  defect  are  greatly  improved 
by  spherical  or  cyhndrical  lenses,  owing  to  the  co-existence  of 
the  more  regular  anomalies  of  refraction.  Sometimes  a  stenopaic 
aperture  opposite  some  particular  portion  of  the  cornea  effects 
an  improvement.  According  to  Eaehlmann,  the  weaker  num- 
bers of  the  hyperbolic  lenses  introduced  by  him  for  the  correction 
of  conical  cornea  are  capable  of  improving  the  vision  in  some 
cases.  My  own  experience,  so  far,  with  these  lenses  in  irregular 
astigmatism  has  not  been  encouraging. 

The  diagnosis  is  readily  made  by  the  ophthalmoscope  by  the 
indirect  method  of  examination.  On  withdrawing  or  approach- 
ing the  auxiliary  lens  to  the  eye,  the  papilla  is  observed  to 
assume  various  irregular  shapes,  giving  rise  to  an  appearance 
quite  characteristic  of  this  condition.  If  the  irregular  astig- 
matism be  corneal,  it  is  beautifully  seen  by  the  use  of  Placido's 
disc,  with  which  instrument  it  is  easy  at  the  same  time  to  dis- 
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cover  the  portion  of  the  cornea,  if  any  such  portion  exists,  in 
which  the  curvature  is  least  abnormal. 

CONVEEGENCE. 

When  an  object  situated  at  6  metres  distance  is  fixed  by  the 
foveffi  of  both  eyes  at  the  same  time,  the  convergence  of  the 
visual  axes  on  it  is  so  slight  (not  f  of  a  degree)  that  they  may 
be  considered  parallel.  When  nearer  and  nearer  objects  are 
fixed,  a  greater  and  greater  convergence  of  the  visual  axes  takes 
place.  For  an  object  at  a  distance  of  1  metre  from  either  eye, 
the  angle  at  which  the  axes  meet  is  almost  3J°,  for  distances  of 
I  and  \  metre  it  is  respectively  V°  and  10|°.  Yet  up  to  this 
point  the  convergence  which  has  taken  place  is  often  not  very 
apparent,  owing  to  the  very  considerable  angular  separation 
frequently  existing  between  the  corneal  axes  and  the  lines  of 
vision. 

Under  ordinary  conditions  it  is  evident  that  the  requirements 
of  distinct  vision  necessitate  a  convergence  of  the  visual  axes 
on  the  point  accommodated  for.  In  every  case,  therefore,  in 
which  binocular  fixation  takes  place,  there  will  be  for  every 
particular  amount  of  accommodative  action  brought  into  play  a 
definite  degree  of  convergence  with  which  this  is  associated.  As 
we  are  now  in  the  habit  of  expressing  the  refractive  change 
which  takes  place  on  accommodation  by  the  equivalent  lens  of 
the  metrical  system,  it  seems  advisable  to  follow  Nagel  in  apply- 
ing a  similar  system  of  notation  to  the  degree  of  convergence 
with  which  such  a  change  is  associated.  According  to  isagel's 
notation,  when  the  eyes  converge  to  a  point  1  metre  distant 
from  either,  the  amount  of  convergence  towards  the  middle  hue 
is  taken  to  be  1  metre-angle.  If  the  degree  of  convergence  be 
such  as  to  bring  about  fixation  of  a  point  |,  \,  \,  or  -^-^  of  a 
metre  distant  from  either  eye,  the  convergence  required  amounts 
respectively  to  2,  3,  4,  and  10  metre-angles;  whilst  a  degree  of 
convergence  less  than  toward  a  point  1  metre  distant  is  expressed 
as  a  corresponding  fraction  of  1  metre-angle — convergence  to  a 
point  at  2  metres  being  ^  a  metre-angle,  and  so  on.  We  have 
seen  that,  although  individual  differences  exist  in  this  respect, 
there  is  no  hard  and  fast  connection  between  the  associated 
movements  of  accommodation  and  convergence;  so  that  a 
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certain  amount  of  accommodation  may  be  maintained  with 
different  degrees  of  convergence.  Just  in  the  same  way  it  is 
found  that  a  certain  degree  of  convergence  may  be  maintained 
with  different  amounts  of  accommodation.  In  Fig.  148  the  JST 
curve  gives  the  maximum,  the  F  curve  the  minimum  conver- 
gence for  every  degree  of  accommodation  in  the  case  of  a  girl  of 
thirteen. 

Obviously  very  different  relations  exist  between  accommoda- 
tion and  convergence  in  the  case  of  ametropia  from  those  which 
may  be  looked  upon  as  normal,  and  which  exist  when  both  eyes 
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Fig.  148.— (After  Nagel.) 


are  emmetropic.  A  hypermetrope  is  obliged,  if  he  retains  bino- 
cular vision,  to  exercise  more  or  less  accommodation,  according 
to  the  degree  of  his  defect,  before  he  is  called  upon  to  converge 
at  all ;  whereas,  on  the  other  hand,  a  myope  is  so  situated  that 
convergence  must  take  place  before  any  accommodative  change 
is  called  for.  The  theoretical  and  practical  questions,  raised 
by  a  consideration  of  the  manner  in  which  these  associated 
movements  are  connected  in  different  cases,  are  referred  to  in 
Chapter  XVII. 

Sometimes  prisms  are  used  in  the  form  of  spectacles,  alone, 
36 
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or  combined  with  spherical  lenses,  in  order  to  ease  the  move- 
ments of  convergence  or  divergence,  or,  where  these  movements 
are  enfeebled,  to  stimulate  them.  Their  use  is  limited,  and  they 
are  rarely  of  practical  value,  on  account  of  their  weight  and  the 
chromatic  aberration  and  astigmatism  which  they  produce  when 
at  all  strong. 

The  action  of  transparent  prisms  of  greater  density  than  the 
surrounding  medium,  and  therefore  of  prisms  of  glass  surrounded 


Fig.  149. — Position  of  prisms  causing  adduction  and  diminishing 
the  necessity  for  abduction. 


by  air,  is  to  refract  the  rays  of  light  which  pass  througli  them 
in  such  a  manner  that  their  direction  after  refraction  is  more 
towards  the  base  of  the  prism  than  that  in  which  they  are  inci- 
dent. Prisms  with  the  bases  outwards  before  one  or  both  eyes 
therefore  cause  objects  to  appear  nearer  and  smaller,  owing  to  a 
greater  degree  of  convergence  being  necessary  to  bring  the  rays 
from  them  on  to  both  maculae,  than  when  the  prisms  are  absent. 
Prisms  with  their  bases  inwards,  on  the  other  hand,  cause 
objects  to  appear  more  distant  and  larger  than  they  are,  owing 
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to  the  convergence  required  for  their  binocular  fixation  being 
lessened.  Prisms  in  the  former  position  therefore  lessen  the 
strain  on  divergent  movements,  and  at  the  same  time  tend  to 
induce  greater  convergent  movements.  Exactly  the  opposite  is 
the  case  when  they  are  placed  in  the  latter  position.  This  will 
be  readily  understood  by  a  reference  to  Figs.  149  and  150,  the 
continuous  line  being  the  direction  of  the  axial  rays  from  the 


Fig.  150. — Position  of  prisms  causing  abduction  and  diminishing 
the  necessity  for  adduction. 


object,  the  dotted  ones  the  direction  in  which  they  appear  to 
come. 

Prisms  of  4°  in  front  of  each  eye  are  about  as  strong  as  can 
conveniently  be  worn  in  most  cases.  Under  special  conditions 
considerably  stronger  ones  are  tolerated.  The  angular  deviation 
produced  by  ordinary  glass  prisms  is  equal  to  half  the  angle  of 
the  prism ;  therefore,  with  4°  prisms  in  front  of  each  eye,  the 
deviation  amounts  to  4°  in  all. 

Taking  the  case  where  both  the  angle  formed  by  the  two  surfaces 
of  the  prism,  i.a.  the  angle  of  the  prism,  and  the  angle  of  incidence, 
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are  small,  which  is  the  case  that  occurs  in  practice,  we  may  determine 
the  deviation  in  the  following  way  : — 


Fig.  151. 


In  Fig.  151  A=  the  deviation,  i  and  r  the  angles  of  incidence  and 
refraction  at  the  first,  and  %  and  r'  those  at  the  second  surface;  a  = 
the  angle  of  the  prism,  and  .T  =  the  angle  between  the  normals  to  the 
two  surfaces.    From  the  figure  we  see  that 


And 


A  =  I  -  r  +  r'  - 1! 
=  i  +  r'  -  {r  +  i) 
=  i  +  r'  -  a  . 

sin  i  =    sin  r 
sin    =  /X  sin  i'. 


(A). 


As  in  the  special  case  considered  all  these  angles  are  small,  we  may 
write  for  their  sines  the  angles  themselves ;  we  have 

i  =  IJ.  r 
and   r'  =  /x  i'. 

Putting  these  values  in  (A),  we  have 

A  =    (r  +  i')  -  a 
=  (fi-l)a. 

When  /X  =  1  -5,  as  in  the  case  of  ordinary  glass, 

A  =  l  a, 

i.e.,  the  angle  of  deviation  is  equal  to  half  the  angle  of  the  prism. 

By  decentering  spherical  lenses — that  is,  by  so  placing  the 
lenses  in  front  of  the  eye  that  their  centres,  instead  of  coinciding 
with  the  axes  of  vision,  are  more  or  less  displaced  outwards  or 
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inwards — a  prismatic  effect  may  be  combined  with  that  which 
is  required  for  the  correction  of  errors  of  refraction.  The  effect 
thus  produced  varies  directly  with  the  strength  of  the  glass  and 
the  amount  of  displacement.  In  the  case  of  convex  glasses, 
displacement  inwards  towards  the  nose,  and  in  the  case  of 
concave  glasses  displacement  outwards,  produces  the  effect  of 
abducting  prisms,  i.e.,  prisms  with  their  bases  inwards ;  while 


Fig.  152. 


displacement  of  convex  glasses  outwards  and  concave  inwards 
is  equivalent  to  adducting  prisms. 

The  increase  in  tlie  prismatic  equivalent  of  a  spherical  lens,  as 
rays  are  refracted  furtlier  and  further  from  its  axis,  is  seen  by 
drawing  tangents  to  different  points  on  the  surfaces  equidistant  from 
their  common  axis.  When  tlie  two  surfaces  are  of  equal  curvature, 
these  tangents  meet  on  the  prolongation  of  their  common  chord,  and 
the  angle  formed  between  them  is  the  angle  of  tlie  prism  correspondmg 
to  the  particular  distance  from  the  axis  (Fig.  152).  To  calculate  tlie 
deviation  produced  by  any  degree  of  decentering,  we  observe  that 
OCP  =  OXY  =  ^  angle  of  prism  (when  the  two  surfaces  are  of 
equal  curvature). 

.•.  0  C  P  =  A,  and  x  y,  or  the  amount  of  decentering  may,  without 
introducing  an  appreciable  error,  be  put  =  0  N  =  R  tan  0  C  P  = 
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r  tan  A.    Putting  d  for  x  y,  and  /  the  focal  distance  of  the  lens  for 

R,  we  have 

d=f  tan  A. 

Putting  then  m  (Fig.  153)  for  half  the  interocular  distance,  and  c' 
for  the  distance,  along  the  middle  line,  from  which  rays  from  the 
point  P  appear  to  diverge,  we  have — 

P  d         .  m 

-:7,=tanA  =  — 


--d  i 


and  c'  =  c  cos  A,  where  c 
the  point  P  from,  the  eye 


is  the  actual  distance  of 


1  d 


f 


—  1  cos 
m 


For 


-  put  Mc,  and  for  -  piit  L^,  to  denote  respec- 

<-'  / 

tively  the  number  of  metre  angles  of  convergence, 
and  the  lens,  whose  focal  distance  is  /,  and  the 
formula  becomes 

_La  ■  d  cos  A 

^  m 

When  (i  cos  A  =  m,  =  L^,  the  angle  of  con- 
vergence has  the  same  metrical  value  as  the  lens,  or 
the  rays  which  come  from  the  distance  of  the  foci 
of  the  lenses  in  front  of  the  eyes  have  a  deviation 
as  if  they  come  from  a  great  distance,  and  therefore 
no  convergence  of  the  eye  is  necessary  for  the 
binocular  fixation  of  an  object  at  that  distance. 
Accommodation  and  convergence  are  aided  to  the 
same  extent.  Practically,  A  being  small,  cos  A  is 
so  nearly  =  1,  that  we  may  consider  Mc  =  L4when 
d  =  m — '/  e.,  a  decentering  of  each  convex  lens  to  the 
extent  of  one-half  the  interocular  distance  gives  the 
same  assistance  to  convergence  as  it  does  to  accom- 
modation. This  effect  is  produced  by  what  are 
called  orthoscopic  lenses,  or  lenses  which  are  portions 
of  a  large  lens,  at  distances  to  either  side  of  its  axis  equal  to  half  the 
interocular  distance,  as  represented  in  Fig.  154. 

As  an  example  of  the  above  formula  for  decentering,  suppose  that 
with  a  5  D  lens  it  is  desired  to  ease  convergence  to  the  extent  of 
1  metre  angle,  we  should  have,  putting  cos  A  =  l,  and  takuig  60  mm. 
as  the  interocular  distance — 


Fig.  153. 


.^5_d 
•03 

or  f?=-006. 
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That  is,  each  lens  would  have  to  be  displaced  inwards  to  the  extent  of 
6  mm.,  so  that  instead  of  the  distance  between  their  centres  being  60 
mm.,  it  Avoidd  be  only  48  mm.  A  similar  effect  would  be  got  by 
combining  prisms  of  4°  with  the  spherical  lenses. 

A  number  of  inconveniences  are  experienced  by  the  wearer 
of  spectacles,  some  of  which  depend  on  the  altered  physical, 
others  on  the  altered  physiological  conditions  which  are  brought 
about.  Some  of  the  apparent  distortions  complained  of  cannot 
be  referred  to  any  physical  cause,  and  are  in  all  probability,  as 
has  been  pointed  out  by  Nagel,  due  to  a  want  of  coincidence 
between  the  point  at  which  the  lines  of  external  projection  from 
the  different  parts  of  a  retinal  image  cut  each  other,  and  the 
altered  position  of  the  second  nodal  point  in  the  combined 
system  of  eye  and  spectacle.     The  altered  relation  between 


Fig.  154. 

accommodation  and  convergent  movements,  already  referred  to, 
often  introduces  a  difficulty  when  correcting  glasses  are  first 
used  late  in  adult  life.  Most  of  the  difficulties  experienced 
on  first  wearing  glasses  disappear,  however,  if  the  glasses  have 
been  properly  chosen  and  are  suitably  placed  in  front  of  the 
eyes. 

Owing  to  the  prismatic  action  of  the  glasses,  the  field  of 
vision  taken  in  by  a  concave  glass  is  larger,  and  at  the  same 
time  more  compressed ;  that  taken  in  by  a  convex  lens,  on  the 
other  hand,  is  smaller  and  more  dispersed  than  that  seen  through 
a  simple  aperture  of  the  same  size  as  the  glasses.  The  doubling 
which  this  produces  in  the  case  of  the  concave  glass  of  objects, 
rays  from  which  enter  the  pupil  both  past  and  through  the 
glass,  and  the  corresponding  breach  in  the  continuity  of  the 
field  of  vision  in  the  case  of  convex  lenses,  is,  unless  the  glasses 
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be  small  and  strong,  only  noticeable  as  a  rule  if  attention  be 
drawn  to  it. 

From  what  has  been  said  of  the  decentering  of  lenses,  it  is 
evident  that  it  is  a  matter  usually  of  some  importance  to  have 
the  lenses  properly  centered.  This  cannot  of  course  be  done  at 
the  same  time  for  all  positions  of  the  eye,  but  it  is  seldom  that 
any  appreciable  interference  with  vision  results  from  the  oblique 
direction  in  which  the  visual  axes  cut  the  lens  on  looking  to 
either  side,  although,  more  or  less  astigmatism  is  produced  in 
this  way. 

When  the  same  glasses  are  worn  both  for  a  distance  and 
near,  they  should  be  centered  for  distant  vision.  Heading  glasses 
should  be  centered  for  the  distance  at  which  they  are  used,  and 
shovild  be  at  the  same  time  slightly  tilted  in  their  frames,  so 


Fig.  155. — (Slightly  reduced  in  size). 


that  instead  of  being  parallel  with  the  face,  they  come  rather 
nearer  it  below  than  above. 

A  simple  method  of  measuring  the  interpupillary  distance  is 
by  means  of  Snellen's  spectacle  frame  (Fig.  155),  which  consists 
of  a  pair  of  plane  glasses  in  an  ordinary  frame,  with  a  vertical 
line  scratched  in  the  centre  of  one  glass,  and  a  number  of  lines 
1  millimetre  apart  scratched  on  the  other.  By  putting  these 
on  the  patient's  nose,  and  causing  him  to  look  at  a  distance, 
and  in  such  a  direction  that  with  one's  own  left  eye  the  Ime  on 
the  glass  opposite  his  right  passes  through  the  centre  of  his 
pupil,  and  then  observing  which  line  on  the  other  glass  is  seen 
by  the  right  eye  (on  closing  the  left)  to  be  opposite  the  centre 
of  his  other  pupil,  it  is  easy  to  measure  quickly  the  inter- 
pupillary distance  with  sufficient  accuracy  for  all  practical 
purposes. 
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Anomalies  of  Accommodation. 

Eeference  has  already  been  made  to  what  may  be  called  the 
passive  defects  of  accommodation,  viz.,  those  which  depend  upon 
the  absence  of  a  suitable  alteration  in  the  curvature  of  the 
crystallme  lens  in  response  to  a  definite  contractile  change  in 
the  ciliary  muscle.  The  chief  defect  of  this  nature— presbyopia 
— is  physiological,  inasmuch  as  it  is  a  necessary  consequence  of 
the  manner  in  which  the  growth  of  the  lens  takes  place  under 
normal  conditions.  In  the  various  dislocations  and  sub-luxa- 
tions of  the  lens,  we  have,  on  the  other  hand,  the  chief  causes  of 
pathological  passive  defects  of  accommodation. 

More  active  accommodative  defects  arise  from  an  inter- 
ference with  the  function  of  the  ciliary  muscle.  That  muscle 
may  be  incapable  of  contracting  at  all,  or  its  contractile  power 
may  be  weakened. 

Paralysis  of  Accommodation. — Complete  paralysis  is  almost 
invariably  the  result  of  some  lesion  of  the  third  nerve.  Paresis, 
on  the  other  hand,  may  be  either  a  muscular  or  an  innervation 
weakness. 

Associated  with  complete  paralysis  we  usually  find,  at  all 
events,  paralytic  dilatation  of  the  pupil ;  not  infrequently  also 
paralysis  of  the  oculo-motor  muscles  supplied  by  the  third 
nerve.  These  different  paralyses  are  not  so  often  found  co-exist- 
ing with  partial  paralysis  of  accommodation.  Sometimes,  how- 
ever, there  is  at  the  same  time  a  degree  of  paresis,  or  even 
complete  paralysis  of  convergent  movement,  a  movement  which 
is  usually  associated  with  active  changes  of  accommodation. 

Eoughly  speaking,  the  affection  which  leads  to  paralysis  of 
accommodation  may  be  either  central  or  peripheral.  For 
instance,  the  paralysis  may  be  one  of  the  symptoms  of  all 
lesions  of  the  brain — injuries,  inflammations,  tumours — which 
involve  either  the  trunk  or  nucleus  of  the  third  nerve.  Similar 
affections  of  the  orbit,  too,  may,  by  involving  some  or  all  of  the 
branches  of  the  third,  cause  interference  with  the  power  of  the 
ciliary  muscle.  A  peripheral  neuritis  on  the  one  hand,  and 
disease  limited  to  that  portion  of  the  third  nerve  nucleus  in 
which  is  the  accommodation  centre  on  the  other,  may  be  the 
cause  of  paresis  of  accommodation  alone. 

Two  of  the  most  interesting  clinical  forms  of  isolated  accom- 
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modation  paralysis  are  the  cases  following  concussion  of  the 
brain  and  diphtheria.  I  have  seen  several  cases  of  more  or  less 
pronounced  paresis  of  accommodation  after  railway  accidents. 
The  existence  of  such  a  paresis  may  indeed  prove  to  be  the 
most  important  evidence  of  shock  sustained.  In  the  case  of  a 
woman  who  was  for  some  months  a  patient  in  the  Royal 
Infirmary,  almost  complete  paralysis  of  accommodation  was 
apparently  the  only  permanent  injury  resulting  from  a  fall  from 
an  express  train  travelling  at  the  rate  of  forty-five  miles  an  hour. 

Paralysis  of  accommodation  following  diphtheria  is  of  pretty 
common  occurrence.  It  is  probably  always  bilateral,  and  rarely 
complete.  The  paralysis  first  makes  its  appearance  some  weeks 
after  recovery  from  the  diphtheria,  at  a  time,  too,  when  the 
patient  has  to  a  great  extent  recovered,  and  seems  in  other 
respects  in  good  health.  Occasionally  it  may  be  associated  with 
other  pareses,  such  as  mydriasis,  paresis  of  convergence,  paresis 
of  the  sixth.  Sometimes  a  concomitant  convergent  strabismus 
may  exist  along  with  the  paresis  of  accommodation.  Of  other 
paralyses,  that  of  the  soft  palate  is  much  the  most  frequent. 

The  most  notable  feature  in  connection  with  the  etiology  of 
diphtheritic  paresis  of  accommodation  is  that  no  evident  rela- 
tion exists  between  it  and  the  severity  of  the  preceding  throat 
affection.  Often,  indeed,  that  has  been  so  slight  as  to  have  been 
overlooked.  It  has  even  been  asserted  by  some  writers  that  the 
diphtheritic  poison  may  lead  to  paralysis  without  having  given 
rise  to  any  local  inflammation. 

The  prognosis  in  diphtheritic  paresis  of  accommodation  is 
more  favourable  than  in  paresis  of  accommodation  from  almost 
any  other  cause.  It  does  not  as  a  rule  last  longer  than  from 
four  to  six  weeks. 

The  treatment  should  consist  in  giving  tonics,  especially 
iron  and  quinine.  Myotics  (eserine  or  pilocarpine),  which  are 
usually  recommended,  are  of  very  doubtful  value ;  possibly, 
indeed,  they  may  do  harm  sometimes.  I  have  always  prescribed 
the  temporary  use  of  convex  glasses  of  sufficient  strength  to 
enable  the  patient  to  read  in  moderation  without  any  strain  of 
accommodation. 

Various  views  have  been  held  as  to  the  cause  of  dii^litlieritic 
paralysis.  Probably  the  pathology  of ,  the  rarer  and  less  symmetrical 
paralyses  may  be  difi'ereut  from  the  more  common  paralysis  of  tlie 
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palate  ami  ciliary  iiuisciles.  There  can  be  little  (loul)t  that  post- 
diphtheritic accommodation  paresis  at  all  events  is  due  to  some  toxic 
action  on  the  brain.  The  bilateral  character  of  the  pareses,  its 
transitory  nature,  the  occasional  complication  with  paresis  of  other 
associated  movements  are  all  suggestive  of  such  a  cause.  Certain 
products  of  decomposition,  particularly  of  fish,  also  cause  paralysis  of 
accommodation  when  absorbed  from  the  aUmentary  canal.  The  only 
apparent  difference  between  the  paralysis  arising  in  this  way  and  the 
post-diphtheritic  variety  is  that  the  former  is  more  transitory.  This 
probably  is  simply  because  the  poison  is  more  rapidly  eliminated  from 
the  body.  How  the  poison  producing  paralysis  after  diphtheria  is 
formed  or  how  it  is  eventually  eliminated  is  not  known. 

Of  the  toxic  effects  coming  under  the  notice  of  the  ophthalmic 
surgeon  that  which  perhaps  most  closely  resembles  diphtheritic  paralysis 
of  accommodation  is  the  central  amblyopia  produced  by  tobacco  (see 
p.  440).  Both  with  respect  to  their  bilateral  character  and  their  slow 
disappearance,  there  is  a  considerable  resemblance  between  these  two 
affections.  In  both  cases  it  is  unknown  how  the  poison  acts,  whether 
directly  on  the  centres  or  indirectly  thi-ough  some  localised  vasomotor 
change. 

Weakening  of  accommodation  owing  to  exhaustion  of  the 
ciliary  mnscle  is  a  very  frequent  result  of  any  severe  debilitating 
illness.  Many  months  may  then  elapse  before  the  muscle 
regains  its  full  power,  or,  at  all  events,  is  capable  of  prolonged 
efforts  of  contraction.  The  same  symptom  characterises  most 
forms  of  neurasthenia.  I  have,  for  instance,  seen  many  examples 
of  the  minor  degrees  of  this  form  of  paresis  following  influenza. 
The  ciliary  muscle  may  be  overstrained,  too,  when  prolonged 
efforts  of  accommodation  are  made  under  adverse  conditions, 
such  as  the  presence  of  corneal  opacities,  astigmatism,  &c.  The 
range  of  accommodation  may  thus  be  temporarily  diminished. 

Diminution  of  the  range  of  accommodation  may  also  be 
brought  about  reflexly,  and  in  this  way  may  arise  from  facial 
neuralgia,  toothache,  &c. 

Whether  partial  or  complete  the  greatest  inconvenience  from 
paralysis  of  accommodation  is  felt  by  a  hypermetrope  and  the 
least  by  a  myope.  In  hypermetropia  the  absence  of  accommoda- 
tion causes  an  indistinctness  of  distant  as  well  as  of  near  vision. 
In  emmetropia  only  near  vision  is  interfered  with,  while  in 
myopia  of  four  or  more  dioptres  the  disturbance  is  so  slight  that 
it  is  apt  to  remain  unnoticed. 

It  is  not  difficult  to  diagnose  the  presence  of  complete 
paralysis  of  accommodation  even  in   the  case  of  myopia, 
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especially  if  the  myopia  admits  of  good  correction.  But  if  the 
myopia  be  considerable  it  may  be  difficult  enough  to  feel  sure 
of  the  existence  of  a  paresis.  In  addition  to  innervation  and 
muscular  weaknesses,  an  interference  with  accommodation  may 
result  from  inflammatory  or  atrophic  conditions  of  the  ciliary 
muscle.  The  most  frequent  example  of  this  form  of  paresis  is 
met  with  in  glaucoma,  of  which  affection  it  is  not  unfrequeutly 
an  early  symptom. 

Spasm  of  Accommodation. — True,  per.sistent  spasm  of  accommoda- 
tion is  either  of  very  rare  occurrence  or  has  no  real  existence  at  all.  I 
have  certainly  never  met  with  a  case.  I  have  not  unfrequently,  how- 
ever, seen  cases  of  so-called  spasm  of  accommodation  m  which  an 
attempt  at  seeing  distinctly  is  apt  to  produce  an  excessive  and  imsuit- 
able  degree  of  accommodation.  Such  individuals  if  emmetropic  are 
found  oialy  to  see  distinctly  at  a  distance  with  concaA'-e  glasses,  and 
may  thus  be  mistaken  for  myopes.  If  examined  with  the  ophthalmo- 
scope the  true  state  of  refraction  is  at  once  evident.  This  shows  that 
the  spasm  is  only  induced  when  attention  is  directed  to  external  objects. 
A  similar  contraction  of  the  ciliary  muscle  takes  place,  in  fact,  to  that 
Avhich  in  a  young  hypermetrope  leads  to  some  of  the  hypermetropia 
being  latent.  The  difference  between  the  estimation  of  the  refraction, 
got  respectively  by  a  subjective  examination  and  du-ect  ophthalmo- 
scopic examination,  affords  the  only  means  of  diagnosing  the  condition 
with  certainty,  luiless  recourse  be  had  to  paralysing  the  ciliary  muscle 
by  the  use  of  atropine.  Not  nnfrequently  the  temporary  spasm  may 
be  suspected  before  an  ophthalmoscopic  exammation  is  made,  o-sving  to 
the  mamier  in  which  the  patient  reads  the  distant  test  types.  At  the 
moment,  if  asked  to  read  the  smaller  letters,  he  is  quite  unable  to  do 
so,  but  if  he  begins  the  next  moment  with  the  larger  letters  and  finally 
passes  through  the  series,  he  may  momentarily  exhibit  a  far  greater 
visual  acuity  than  he  has,  as  a  rule,  without  concave  glasses.  Those  most 
hable  to  suffer  m  this  way  are  young  women  whose  occupation 
necessitates  constant  accommodation  for  near  objects. 


I 


I 


CHAPTER  XYL 

THEORY  OF  THE  OPHTHALMOSCOPE. 

Owing  to  the  shape  of  the  eye  and  the  relatively  small  opening 
formed  by  the  pupil,  much  of  that  portion  of  the  light  passing  into 
the  eye,  which  is  reflected  from  its  inner  surface,  passes  out  in 
the  same  direction  as  it  entered.  On  looking  at  anyone's  eye  the 
pupil  appears  black,  because  the  observer's  head  intercepts  the  rays 
which  would  pass  directly  into  the  eye  in  the  direction  of  the  lines 
joining  the  head  of  the  observer  and  the  pupil  of  the  eye  observed. 
We  cannot,  consequently,  under  ordinary  circumstances  notice  any 
illumination  of  the  fimdus,  and  therefore  do  not  see  any  image  of  it. 
Only  if  the  pupil  looked  at  be  very  large,  and  the  eye  ametropic  to 
some  extent,  is  the  red  reflection  as  a  rule  apparent. 

By  means  of  the  ophthalmoscope,  which  was  invented  by  Helm- 
holtz  in  1851,  we  bring  our  eye  in  a  line  with  the  entering,  and  thus 
are  able  to  catch  the  emerging  rays.  In  the  instrument  as  first 
invented  the  reflection  was  made  at  an  angle  of  about  56°,  from  a 
number  of  pieces  of  plane  glass  enclosed  at  the  sides  in  a  darkened 
case,  and  open  behind  where  the  observer  placed  his  eye,  and  caught 
as  many  of  the  returning  rays  as  were  not  reflected  agam  from  the 
series  of  other  surfaces.  An  improvement  on  this  arrangement  was 
shortly  afterwards  made  by  Ruete,  by  using  a  mirror  with  a  hole  in  it, 
and  a  convex  lens  to  obtain  an  aerial  image.  The  mirrors  used  in  the 
different  forms  of  ophthalmoscope  have  been  plane,  concave,  and  convex. 
Reflectors  which  have  consisted  of  combinations  of  diff'erently-shaped 
lenses  and  mirrors  have  also  been  used.  The  plane  and  concave 
mirrors  are  now  the  only  ones  in  general  use. 

The  intensity  of  illumination  of  the  fimdus  depends  upon  the  lumi- 
nosity of  the  source  of  light  and  the  completeness  with  which  the 
mirror  used  reflects  the  light ;  also  upon  the  size  of  the  pupil  and  the 
extent  to  which  it  is  occupied  by  rays  reflected  into  it  from  the  mirror. 
The  apparent  brif/htness  of  any  part,  on  the  other  hand,  depends  not 
only  upon  the  actual  intensity  of  its  illumination,  but  also  upon  the 
extent  to  which  the  observer's  pupil  is  filled  by  the  rays  passing  into 
it  from  that  part. 

Tn  considering  the  illuminating  capabilities  of  different  forms  of 
ophthalmoscope,  it  has  to  be  kept  in  mind  that,  as  long  as  the  pupil  is 
fully  occupied  by  light,  from  a  surface  of  uniform  luminosity,  reflected 
into  the  eye,  it  does  not  matter  whether  the  rays  are  condensed  so  as 
to  enter  the  eye  as  a  convergent  bundle  from  a  concave  mirror  or  are 
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caused  to  diverge  from  a  plane  mirror.  The  differences  in  the  amount 
of  light  entering  the  eye  in  the  two  cases  correspond  to  differences  in 
the  size  of  the  image  which  it  forms  of  the  luminous  surface,  hut  not 
to  any  difference  in  the  intensity  of  illumination  of  the  unit  of  surface. 

Take,  ui  the  first  instance,  the  case  of  the  reflection  of  parallel  rays 
proceeduig  from  a  point  of  a  distant  evenly-illuminated  surface.  If 
we  denote  by  s  the  area  of  the  section  of  the  bundle  of  parallel  rays 
reflected  from  the  mirror,  and  by  ]p  the  area  of  the  pupil,  the  amount 
of  the  light  entering  the  eye  is  to  that  reflected  as  j) :  s,  or  calling  I 
the  amount  of  the  reflected  light,  and  i  that  of  the  light  entering 

the  eye,  '  ^' 

These  rays  focussed  on  the  retina  of  an  emmetropic  eye  Avill  be 
brought  to  a  point.  This  point,  therefore,  will  have  an  intensity  of 
illumination  equal  to  that  of  the  whole  pupil.  In  myopia,  or  hyper- 
metropia,  instead  of  a  point  of  ilkimination,  there  will  be  an  area  of 
diffusion  of  the  light.  The  sum  of  the  intensities  of  every  point  in 
that  area  AviU  equal  the  intensity  of  the  point  at  which  rays  meet,  i.e. 
.again,  the  intensity  of  the  pupil. 

In  the  case,  then,  of  the  image  in  the  eye  of  one  point  only,  there 
Avould  be  a  difference  in  the  degree  of  brightness  of  the  area  iUmnin- 
.ated  according  as  the  image  was  accurately  focussed  on  the  retina  or 
not.  But  if,  instead  of  considering  merely  one  point,  we  take  the  case 
of  the  reflection  of  rays  from  every  point  of  a  continuous  evenly- 
iUuminated  surface,  then  it  is  evident  that  the  retinal  image  corre- 
sponding to  all  points  of  that  surface  from  which  rays  fill  the  pupil,  is 
equally  bright  whether  the  eye  is  emmetropic  or  not.  The  diffusion 
circles  in  the  case  of  ametropia  will  be  so  superposed  that  the  iUimiina- 
tion  will  be  uniform  and  equal,  for  every  point,  to  that  of  the 
properly  focussed  retinal  image.  For  tliis  reason  an  ametrope  sees  the 
sky  of  the  same  brightness  as  an  emmetrope,  provided  only  that  his 
pupil  is  the  same  size  as  that  of  the  emmetrope. 

Not  only  is  this  the  case,  but  it  is  impossible  in  any  way  to 
increase  the  brightness  of  the  retinal  image  of  the  sky  or  any  uniformly- 
illuminated  surface.  If,  instead  of  being  parallel,  the  rays  entermg 
the  pupil  from  any  pomt  of  the  surface  are  divergent  or  are  rendered 
convergent  by  means  of  a  lens,  a  correspondingly  greater  number  wiU 
enter  it.  The  illumination  of  the  pupil  wiU,  therefore,  be  greater  the 
nearer  the  point  from  which  the  rays  diverge,  or  to  which  they  converge. 
The  same  will  be  the  case  for  the  iUuminatiou  of  the  pupil  from  all 
points  of  the  surface.  The  illumination  will  be  inversely  as  the  squai-e 
of  the  distance  of  the  luminous  surface  from  the  pupil.  But  the 
apparent  size  of  any  portion  of  the  surface  also  varies  inversely  as 
the  square  of  its  distance  from  the  eye,  so  that  a  compensation  takes 
place.  The  visible  brightness  of  an  object  is,  therefore,  not  altered  by 
altering  the  distance  from  Avhich  it  is  seen  directly. 

Next,  to  take  the  case  where  the  object  is  not  seen  directly,  but  in- 
directly, through  its  image  formed  by  a  mirror  or  lens.    We  have  then 
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I  for  the  intensity  of  illumination  of  the  unit  of  surface  of  the  inicage, 
0^  (if  we  disregard  the  loss  of  light  on  refraction  or  reflection). 
Putting  L  for  the  aperture  of  the  mirror  or  lens,  and  J  for  the  intensity 
of  the  object  0  at  distance  D 

I  =  J^.    K  (a) 

01  ' 


I  =  J  — ,  if  Di  =  distance  of  image. 


As  the  size  of  tlie  object  is  to  that  of  the  image  as  the  squares  of 
their  respective  distances  from  the  mirror  or  lens,  this  may  be  written 

The  same  will  be  the  case  for  the  illumination  of  the  pupil  from 
all  points  of  the  surface.  The  illumination  will  be  inversely  as  the 
square  of  the  distance  of  the  luminous  surface. 

The  intensity  of  the  image  is  therefore  directly  proportional  to 
the  aperture  of  the  mirror  or  lens.  That  aperture  is  not,  however, 
necessarily  equal  to  the  section  of  the  bundle  of  rays  entering  the  pupil 
from  the  image.  If  we  call  the  area  of  the  pupil  as  before  jp,  and  its 
distance  from  the  image  d,  we  get  the  size  I  of  the  portion  of  the 
reflecting  or  refracting  surface  from  which  rays  from  every  point  of  the 

D  2         .  . 

image  enter  the  pupil,  I  =p.        and  if  this  value  of  I  be  jDut  for  L  in 

(a)  the  apparent  brightness  to  the  image  of  the  eye  is  I  =  J^. 

But  this  is  the  same  brightness  as  if  the  object  itself  were  viewed 
directly  at  the  same  distance  d,  and  consequently,  also,  the  same 
brightness  as  at  whatever  distance  it  is  seen  directly.  It  follows  also, 
for  the  same  reason  as  Avhere  the  pupil  is  filled  with  parallel  rays,  that 
it  is  immaterial,  when  we  have  to  do  with  a  continuous  and  evenly- 
illuminated  surface,  whether  the  eye  is  focussed  for  the  image  of  the 
surface,  formed  by  the  mirror  or  lens,  or  not. 

In  the  usual  ophthalmoscopic  examination,  the  source  from  which 
the  illumination  of  the  fundus  is  derived  is  not  a  continuous  and 
evenly-illuminated  surface  of  hght.  The  flame  in  ordinary  use  is 
brighter  towards  its  margins  than  at  its  centre.  With  a  concave 
mirror  the  light  is  more  evenly  distributed  over  a  larger  area  of  the 
retina,  and  thus  a  more  suitable  illumination  is  obtained.  The  image 
of  the  flame  then  lies  far  in  front  of  the  retina,  so  that  the  diffusion 
circles  from  each  point  on  the  retina  are  large.  Those  from  the 
borders  of  the  image  of  the  flame,  by  overlapping  those  from  its  more 
central  parts,  help  to  brighten  the  central  area  of  illumination,  and  at 
the  same  time  to  produce  a  considerable  illumination  over  the  ill- 
defined  margin. 

We  have  seen  that  when  the  pupU  is  filled  with  rays  the  intensity 
of  illumination  depends  upon  its  size.  When,  on  the  other  hand,  it 
is  not  filled  by  rays,  the  intensity  will  be  as  the  proportion  of  the  area 
occupied  by  rays  is  to  the  whole  area  of  the  pupil.    In  the  illumina- 
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tion  of  the  fundus  by  the  ophthalmoscope  mirrors  in  ordinary  use,  the 
reflected  rays  do  not  completely  fill  the  pupil,  as  more  or  less  shadow 
and  penumbra  is  throAvn  on  it  by  the  central  aperture.  More  of  the 
pupil  is,  however,  filled  by  rays  reflected  from  a  perforated  concave 
mirror  than  -when  a  plane  mirror  is  used.  This,  then,  is  the  main 
reason  why  a  better  illumination  is  got  with  a  concave  mirror.  Other 
conditions  being  equal,  we  may  make  the  central  aperture  in  a 
concave  mirror  larger  than  in  a  plane  mirror,  and  yet  obtain  the  same 
illumination. 

With  a  larger  aperture  more  rays  enter  the  observer's  pupil,  and 
consequently  the  apparent  illumination  is  greater.  An  increase  in  the 
size  of  the  aperture,  while  it  increases  the  apparent  illumination,  at  the 
same  time  diminishes  the  actual  illumination.  It  follows,  therefore, 
that  the  illumination  obtained  by  the  observer  must  be  a  maximum 
for  some  definite  size  of  the  apertiu-e,  which  will  vary  according  to  the 
shape  of  the  mirror,  the  size  of  the  patient's  pupil,  and  the  distance  of 
the  mirror  from  the  flame  and  the  eye. 


Fig.  156. 


If  I  be  the  intensity  of  illumination  corresponding  to  a  full 
occupation  of  the  pupil  of  area  f  with  rays,  and  t]  be  the  area 
of  the  pupil  not  traversed  by  rays,  then  the  intensity  of  illumination 

is,  I^. 

If  e  be  the  area  of  the  central  aperture  in  the  mirror ;  F,  the  far 
point  of  the  eye  or  the  distance  for  which  it  is  accommodated  ;  rf,  tliei 
distance  separating  the  mirror  from  the  patient's  pupil,  then  the 
section  of  the  bundle  entering  the  observer's  eye  from  the  patient's 

IS,  e.f>  . 

The  apparent  brightness  to  the  observer  ^  (the  area  of  whose  pupil 
also  =2))  of  an  ilkuuiuated  point  on  the  observer's  retina  is  then 


1  Of.  Helmholtz,  Phijs.  Opt.,  new  edition,  p.  223. 
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The  ophthalmoscopic  field  of  vision,  or  the  amount  of  fiondus  visible 
at  one  time  on  direct  examination,  depends  upon  the  size  of  th.e  pupil 
of  the  eye  observed,  upon  the  size  of  the  aperture  in  the  mirror  of  the 
ophthalmoscope  and  the  inclination  of  the  mirror,  upon  the  distance 
separating  the  observer's  eye  from  the  eye  observed,  and  upon  the 
state  of  refraction.  This  is  seen  in  Fig.  156.  The  visible  area  is 
greater  the  larger  the  patient's  pujjil  and  the  larger  the  aperture  in 
the  ophthalmoscope,  the  nearer  the  distance  separating  the  eyes  of 
observer  and  patient  and  the  more  highly  refracting  the  eye. 

Tlie  amount  of  fundus  visible  on  indirect  examination  is,  other 
tilings  being  equal,  inversely  as  the  magnification.  It  increases  vsdth 
the  degree  of  dilatation  of  the  pupil  of  the  eye  examined,  with  the 
distance  separating  the  observer  from  the  convex  lens,  and  with 
the  size  of  the  aperture  in  the  ophthalmoscope. 

This  is  seen  in  Fig.  157.  The  figure  shows  the  size  TJ  of  half  the 
diameter  of  the  portion  of  the  fundus  which  can  be  seen  by  an  observer 
whose  eye  is  behind  the  ophthalmoscope  apertiu^e,  half  the  diameter  of 


Fig.  157. 


which  is  represented  by  E  at  a  distance  d  from  the  image  formed  by 
a  lens  of  focal  distance  /,  held  at  a  distance  D  from  the  centre  of  the 
pupil  of  the  eye,  and  through  a  pupU  half  the  diameter  of  which  is  p. 
The  case  represented  is  that  of  emmetropia.  It  is  supposed,  too,  that 
the  lens  is  held  at  such  a  distance  as  to  prevent  the  image  of  the  iris 
masking  that  of  the  fundus. 
From  the  figure  we  have 


1^7        ••••y  =  I  and 

y_I^I_E     .  _/(I-E) 
/        d       "  •'  d 

Putting  in  the  above  value  of  I — 


37 


d  g 
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Agcain 


V   U        .  g'y 


.7 
Aiid 

U  _    ip       .    ...  ^  g_p 
Putting  in  the  above  vahie  of  x  and  simplifying,  we  get 

TT  r/'  - 
D 

Substituting  for  ?/  its  value  at  a.) — 

U  therefore  increases  at  the  same  time  as  g',  p,  and  E,  and  diminishes 
with  the  increase  of/.    It  also  increases  with  D  and  with  d. 

"When/=D,  a  convenient  position,  and  one  in  which  the  image  of 
the  pupil  does  not  get  in  the  way  of  the  fundus — 

P  ' 

As  an  example  take 

d  =  250  mm.  ;  /=  70  mm. ; 

p  =     3  mm.  ;  E  =  1  '5  mm.  ;  and  g''  =  15  mm. 

The  amount  of  visible  fundus  is  then  approximately 

15  (750  +  105)  „ 

4900  2  =  5-24  mm. 

that  is,  a  portion  the  diameter  of  which  is  about  three  times  as  much 
as  the  disc.  In  the  case  of  ametropia,  as  the  magnification  varies 
with  the  distance  of  the  lens  from  the  eye,  the  amount  of  the  fundus 
visible  at  once  is  more  or  less  than  in  emmetropia  (with  the  same  size  of 
pupil  and  the  observer's  eye  at  the  same  distance  from  the  aerial  unage), 
according  as  the  magnification  is  less  or  greater  than  that  of  the 
emmetropic  image.  The  corresponding  formulae  for  myopia  and 
hypermetropia  are  rather  long,  and  show  nothing  further.  They  are 
therefore  not  given. 


The  Magnification  of  the  Ophthalmoscopic  Image. 

By  the  indirect  method  of  examination  an  inverted  image  is  formed 
of  the  back  of  an  emmetropic  eye  at  the  principal  focus  of  the  convex 
lens,  and  therefore,  whatever  be  the  distance  of  the  lens  from  the  eye, 
always  at  the  same  distance  from  the  lens.  The  stronger  the  lens,  too, 
the  nearer  will  this  image  lie  to  it.    It  is  evident,  too,  from  Eig.  158 
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that  the  size  of  the  aiirial  image  is  to  the  object  at  the  back  of  the 
eye  as  the  focal  distance  of  the  lens  is  to  the  distance  from  the  second 
nodal  point  to  the  retina.     If  we  call  this  latter  distance  (J ,  and  the 

focus  of  the  lens  /,  the  magnification     =  -4-.    The  distance  (J  may  be 

taken  roughly  =  15  millimetres.  The  magnification  with  a  lens  of  75 
millimetres  or  3  inches  focus,  such  as  is  commonly  used  for  the  pur- 
pose, would  therefore  be  about  5  diameters,  that  with  a  stronger  one 
less,  e.g.,  with  a  2|  inch  focus  not  much  more  than  4  diameters. 

The  real  magnification  or  the  size  of  the  image  formed  on  the 
observer's  retina  will  depend  upon  how  far  his  eye  is  from  the  aerial 
image.  If,  for  instance,  the  observer  obtains  a  clear  image  of  the 
disc  of  the  eye  examined  when  his  eye  is  at  a  distance  from  the  convex 
lens  equal  to  three  times  its  focus,  then  the  diameter  of  that  image 
is  approximately  equal  to  half  the  actual  diameter  of  the  disc.  The 
observer  therefore  sees  the  disc  with  the  same  degree  of  distinctness  as 
he  sees  any  external  object  which  gives  a  retinal  image  of  "8  or  -9  mm. 
(^.e.,  half  the  diameter  of  disc). 

On  direct  examination  of  an  emmetropic  eye  by  another  emmetro- 


FiG.  158. 


pic  and  similar  eye,  the  size  of  the  image  formed  in  the  observer's  eye 
will  be  exactly  the  same  as  the  object  from  which  the  rays  proceed  in 
the  eye  examined.  This  is  evident  from  Fig.  127.  To  estimate  the 
magnification,  then,  we  have  to  consider  that  the  definition  thus 
obtained  is  similar  to  that  of  any  other  external  object  whose  retinal 
image  is  the  same  size.  Thus,  if  we  take  the  diameter  of  the  disc 
roughly  as  1-75  milHmetres,  we  have  merely  to  calculate  what  size  of 
object  at  any  particular  distance  would  give  a  retinal  image  of  the 
diameter  of  1-75.  Taking  the  same  value  for  g'  as  before  (and 
neglecting  therefore  any  change  which  is  caused  in  its  value  by  the 
necessary  accommodation),  the  definition  would  be  about  the  same  as 
that  obtained  by  a  penny  held  at  between  10  and  11  inches  from  the 
eye.  The  diameter  of  a  penny  is  about  31  millimetres,  so  that  we 
have  1-15:15  =  31  : 266.  The  magnification  is  then  as  31  to  1-75, 
or  roughly,  18  diameters,  if  we  compare  the  ophthalmoscopic  distinct- 
ness of  the  image  with  that  which  the  naked  eye  would  give  of  the 
disc  at  266  millimetres  from  its  first  nodal  point,  i.e.,  at  about  lO^r 
inches  from  the  eye.    The  apparent  size  of  the  magnified  disc  or  other 
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portion  of  the  fundus  of  the  eye  depends  on  the  distance  to  which  it  is 
mentally  projected.  To  different  observers  the  same  disc  will,  on  this 
account,  appear  magnified  in  different  degrees. 

As  is  explained  in  the  chapter  on  refraction,  and  exhibited  by 
Kg.  126,  the  magnification  of  the  indirect  ophthalmoscopic  image  in  the 
case  of  ametropia  depends  on  tlie  distance  at  which  the  convex  lens  is 
held  from  the  eye. 

This  may  also  be  shown  analytically  in  the  following  manner. 
We  have,  in  the  case  of  a  lens  in  air  where  /'  =  / 

Iin  ~  V 

And 

V      f  Im. 

In  myopia,  where  u  is  negative  (as  the  object,  viz.,  the  image  of  the 
fundus  oculi  lies  between  the  observer  and  the  position  given  to  the 


lens),  this  diminishes  as  u  diminishes  ;  but  as  the  object  remains 
always  of  the  same  size,  the  image  formed  of  it  by  the  lens  increases 
in  size  as  u  diminishes,  i.e.,  as  the  lens  is  withdrawn  from  the  eye. 
Until  w  =  0,  or  the  lens  is  withdrawn  to  the  far  point  of  the  eye,  the 
object  is  bigger  than  the  image.  From  this  onwards  zi  is  positive,  and 
the  image  becomes  larger  and  larger  than  the  object,  until  u=f,  w-hen 
it  is  infinitely  great,  and  a  further  withdrawal  of  the  lens  causes  it 
to  diminish  in  size,  while  at  the  same  time,  from  being  an  erect  image 
of  an  inverted  image  of  the  fundus,  and  consequently  an  inverted 
image  of  the  fundus,  it  becomes  an  inverted  image  of  this  inverted 
image,  or  an  erect  image  of  the  fundus.  It  is  only,  however,  when 
the  myopia  is  of  extreme  degree,  and  the  lens  used  strong,  that 
these  successive  changes  occur  within  the  range  of  withtkawal  of 
the  lens. 

In  liypermetropia  u  is  positive,  and  increases  as  the  lens  is  with- 
drawn from  the  eye,  as  the  object  is  the  erect  image  of  the  disc  behind 
the  eye.    With  the  increase  of  u  the  relation  of  object  to  image  gets 
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less,  which,  as  the  object  remains  of  the  same  sign,  is  tantamount  to 
the  image  getting  less. 

We  may  get  an  approximate  expression  for  the  magnification  in 
terms  of  the  degree  of  ametropia,  the  focus  of  the  convex  lens,  and  its 
distance  from  the  eye,  in  the  following  way  :— In  the  case  of  myopia 
(see  Fig.  159)  put  M  for  the  distance  of  the  far  point  from  the  nodal 
point  of  the  eye.  (To  simplify  we  may  look  upon  the  two  nodal 
points  as  merged  into  one.)  We  have  then  for  the  size  of  the  image 
(/S)  at  the  far  point  compared  Avith  the  object  at  the  back  of  the  eye, 

and  for  the  relation  of  I  (the  image  after  refraction  through  the  convex 
lens) 

u 

Again,  from  the  general  formula  4  &.)—-  —  =  -\. 
°     '  °  '  u    V  f 

uf 

v  = 


u  +/ 


Patting  then  for  u,  M  -  D,  where  D  equals  the  distance  between  the 
nodal  point  of  the  lens  and  the  nodal  point  of  the  eye,  and  substituting 
the  values  found  for  /3  and  v,  we  get — 

I  /  M 


U  /--DN  M-U 


From  both  we  see  that  I  increases  when  D,  the  distance  of  the  lens 
from  the  eye,  is  increased.  From  the  first  it  is  evident  that  I 
diminishes  as  M  is  diminished,  that  is,  as  the  degree  of  myopia 
increa.'^es.  From  the  second  expression  again,  we  find  that  by  increas- 
ing/, that  is,  by  making  the  lens  weaker,  I  is  increased  in  size.  The 
equation  also  shows  that  when  M  becomes  infinite,  i.e.,  when  there  is 

.     I  f 

no  myopia,  "g-  =         we  have  already  seen  is  the  expression  for  th 

magnification  in  emmetropia.  But  we  evidently  get  the  same  expres- 
sion for  the  magnification  by  making  /=  D,  and  yet  the  magnification 
is  not  the  same  as  in  emmetropia,  but  less,  as  the  value  of  g'  increases 
with  the  myopia.  To  distinguish  between  the  g'  in  the  case  of 
emmetropia  and  that  in  myopia,  we  may  write  for  g',  g\„  and  the 
expression  for  the  magnification  in  myopia,  when  the  convex  lens  is 
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held  at  the  distance  of  its  focus  from  the  nodal  point  of  the  eye 
becomes      =  '^^^  P^^*'  value  of  (y'j,,  which  we  get  if 

the   myopia,  as  is   usually  the   case,  is  axial  from  the  formula 
=     and  put  for  G  and  G',  the  distances  respectively  of  the 

g  y' 

first  and  second  nodal  points  from  the  foci,  their  equivalents,  and  ^, 
and  for  cj\  M  as  before,  this  may  be  written 

a  value  for  I  obviously  less  than  -5^,  the  value  in  emmetropia,  and 

th.e  more  so  the  smaller  is  M,  that  is,  the  higher  the  degree  of  myopia. 
The  general  formula  in  the  case  of  axial  myopia  is  then  conveniently 
written — 

I     /  M-<^' 


U  M  +  /-D 

In  the  case  of  hypermetropia  (see  Fig.  160)  we  arrive  by  a  similar 


UP 


If 


Fig.  160. 


method,  and  calling  the  distance  of  the  far  point  to  the  nodal  point 
of  the  eye  H,  at  the  expression  for  magnification — 

I  _  /  _  H 

U" 


f/ 


1  - 


H 


H  +  D  - 


As  before,  this  becomes  when  H  =  00  ,  that  is  when  the  hypermetropia 
is  reduced  to  nothing,  ^  =  ^,  the  expression  for  the  magnification 


in  emmetropia. 

From  both  expressions  we  see  that  as  D,  the  distance  of  the 
lens  from  the  eye,  is  increased,  I  diminishes.  From  the  first  we  see 
that  as  H  is  diminished,  that  is,  as  the  hjijermetropia  increases,  I 
becomes  greater. 

And  from  the  second  it  is  evident  that  the  diminution  of/,  or  the 
increase  in  the  strength  of  the  convex  lens,  causes  I  to  duninish. 
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For  the  case  where /=D,  or  the  lens,  is  held  at  the  distance  of  its 
focus  from  the  nodal  point  of  the  eye,  we  have  as  in  myopia 

or  by  putting  in  the  value  of  cj^  in  the  case  of  axial  hypermetropia, 

I_/    H  +  c/>' 
U     c^'  H 

which  shows  that  I  is  always  greater  than  in  enimetropia,  and  the 
more  so  the  higher  the  degree  of  hypermetropia.  The  general  formula 
in  the  case  of  axial  hypermetropia  for  the  magnification  of  the  indirect 
ophthalmoscopic  image  is  then 

I  ^/       H  +  </)' 
U  H-/+D" 

To  get  the  magnification  in  the  case  of  ametropia  by  the  direct 
metliod  of  ophthalmoscopic  examination,  we  must  first  compare  the 
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Fig.  161. 


size  of  the  image  in  the  observer's  eye  with  the  object  in  the  eye 
examined,  and  then  apply  the  same  reasoning  as  for  the  magnification 
in  emmetropia. 

In  Fig.  161  the  difference  between  the  magnification  obtained  in 
hypermetropia  and  myopia  respectively,  is  shown  for  the  ordinary 
position  of  the  correcting  lens,  viz.,  further  from  the  eye  examined 
than  its  anterior  focus.  From  the  figure  it  is  apparent  that  under 
these  circumstances  a  larger  image  of  any  part  of  the  back  of  the  eye 
is  obtained  if  it  be  myopic  than  if  it  be  hypermetropic.  The  difi'er- 
ence  is  greater,  too,  for  equal  degrees  of  ametropia  the  further  the  cor- 
recting lens  lies  from  the  anterior  focus  of  the  eye  examined.  The 
difference  diminishes  as  the  correcting  lens  is  approached  to  that 
focal  point.  When  the  centre  of  the  lens  coincides  with  the  anterior 
focus  of  the  patient's  eye,  the  magnification  is  the  same  for  both 
myopia  and  hypermetropia,  and  the  same  as  for  ametropia. 
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If  we  denote  by  H  and  M  respectively  the  distance  to  the  far 
point  of  the  patient's  eye  measured  from  its  principal  point,  and  "by  D 
the  distance  from  that  point  occupied  by  the  centre  of  the  convex  or 
concave  connecting  lens ;  by  Ohj.  the  size  of  the  object  at  the  back 
of  the  eye  examined,  and  by  Im.  the  size  of  the  image  on  the  retina 
of  the  observer's  eye,  while  putting  I  for  the  size  of  the  image  of 
the  same  object  at  the  far  jDoint  of  the  patient's  eye,  we  have  for 
hyjjermetropia : — 


for  myopia — 


Ohj  _    I  Jm_  I 

/m~H  +  <^        g'  ~H  +  D 

Olj       I        ,7m  I 
and  —f  = 


Im    M-4>        g'  M-D 

from  which  we  get  for  hypermetropia — 

Im     H  +  ^  g' 


and  for  myopia- 


Obj    H  +  D  cf> 
Im  _  M  -  0  g' 


In  axial  ametropia  we  may  put  g'  (the  distance  from  the  second  nodal 
point  of  the  observer's  eye  to  his  retina)  equal  (f)  (the  distance  from 
the  anterior  principal  point  of  the  patient's  eye  to  his  anterior  focus). 
The  formulae  then  become  respectively  : — 

Im     B.  +  cb 
7^'  =  -FF — ^  and. 
Obj    H  +  D 

Im  _  M- 
Obj'K^' 

From  these  formulse  it  is  evident  that  the  magniiication  is  equal  to 
emmetropia  only  when  D  =  0.  In  hypermetropia  it  is  less  than  in 
emmetropia,  for  Dvc^  (the  usual  case  in  practice)  and  less  than  in 
emmetropia,  for  Dz.^.    The  opposite  holds  good  for  myopia. 

To  take  an  example,  a  case  of  myopia  fully  corrected  by  a  -  16"0 
lens  at  the  anterior  focus  of  the  eye,  say  1 3  millimetres  in  front  of  the 
cornea,  is  examined  with  a  -  18"0  behind  the  ophthalmoscopic  mirror, 
and  20  millimetres  in  front  of  the  cornea,  what  is  the  magnification 
compared  with  emmetropia  ?  It  is,  obviously,  as  the  focal  distance  of 
a  16-0  dioptre  to  that  of  an  18-0  dioptre  lens,  -i.e.,  as  9  to  8,  so  that  if 
we  take  the  magnification  in  emmetropia  as  18  diameters,  it  would  in 
this  case  be  rather  more  than  20  diameters. 

The  relative  depth  of  the  different  parts  of  the  back  of  the  eye  seen 
with  the  ophthalmoscope  can  be  estimated  with  tolerable  acciu-acy  by 
noting  the  number  of  the  lens  which  the  unaccommodated  eye  requires 
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to  obtain  a  clear  definition,  and  allowing  roughly  3  dioptres  to 
1  millimetre. 

By  the  indirect  examination  diiferences  in  depth  are  rendered 
apparent  by  the  parallactic  displacement  which  takes  place  when 
the  convex  lens  is  given  a  slight  movement  from  side  to  side.  The 
structures  lying  nearer  to  the  eye  then  appear  to  glide  over  the 
deeper-lying  parts  as  their  image  moves  more  rapidly  in  the  same 
direction  as  the  lens. 

rig.  162  makes  this  apparent.  In  the  figure  H  represents  a  nearer, 
and  E  a  more  distant  point.  At  the  same  time  the  rays  from  H  are 
drawn  divergent  as  they  emerge  from  the  eye,  and  as  if  they  came 
from  a  point  li  behind  the  eye,  while  those  from  E  leave  the  eye 
parallel  to  each  other.  In  the  first  position  of  the  lens  the  image  of 
this  point  is  at  H'.   In  the  second  (represented  by  the  dotted  lines)  it 
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is  at  H".  For  the  same  movement  of  the  lens  the  image  of  the  point 
E  moves  from  E'  to  E",  and  thus  makes  a  smaller  excursion. 

A  fairly  good  stereoscopic  view  of  the  fundus  is  got  with  the 
binocular  ophthalmoscope  of  Giraud-Teulon,  which  is  so  arranged,  by 
means  of  two  rhomboidal  prisms,  the  angles  of  which  are  45°  and 
1.35°,  meeting  at  their  acute  angles  behind  and  at  the  centre  of  the 
aperture  of  the  mirror,  that  the  aerial  image  can  be  seen  with  both 
eyes  at  the  same  time. 

Many  forms  of  ophthalmoscope  are  in  use,  differing  from  each 
other  mainly  in  the  kind  of  mirror  used  and  the  arrangements  for 
biinging  different  lenses  behind  the  aperture.  For  estimating  refrac- 
tion it  is  of  advantage  to  be  able  to  bring  any  lens  behind  the  mirror 
without  losing  sight  of  the  fundus,  and  this  can  be  done  with  most 
modern  instruments,  but  there  is  a  tendency  to  multiply  the  number 
of  lenses  and  introduce  refinements  in  the  mechanism  of  hangmg  the 
mirror,  &c.,  which  only  add  to  the  cost  without  in  the  least  increasmg 
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the  practical  usefulness  of  the  ]3articular  ophthalmoscope.  The  in- 
tervals between  the  lenses  should  not  be  less  than  one  dioptre,  and 
the  higher  ones  may,  without  introducing  any  practical  inaccuracy, 
be  obtained  by  the  combination  of  two  lenses.  In  the  examination 
by  the  direct  method  rays  are  only  reflected  into  the  eye  from  a  very 
small  portion  of  a  plane  mirror.  If  a  strong  illumination  be  required, 
it  is  therefore  necessary  to  use  a  concave  mirror  with  a  short  focus. 
Such  mirrors  have  been  introduced  by  Parent,  and  are  fitted  into 
some  ophthalmoscopes  m  addition  to  the  larger  plane  or  less  concave 
mirrors  used  for  indirect  examination. 


CHAPTER  XVII. 


AFFECTIONS  OF  THE  OCULO-MOTOR  MUSCLES. 

Physiological  and  Inteoduotoky. 

The  eye  is  freely  moved  in  all  directions  round  a  fixed  point  or 
centre  of  rotation  by  the  action  of  one  or  more  of  its  six  external 
muscles.  The  centre  of  rotation  lies  about  1  millimetre  behind 
the  centre  of  the  eye. 

A  consideration  of  the  movements,  as  they  actually  occur, 


Fig.  163. 


leads  to  the  classification  of  the  six  muscles  into  three  anta- 
gonistic pairs: — (1.)  The  lateral  recti  (externus  and  internus) 
which  rotate  the  eye  round  a  vertical  axis :  (2.)  The  superior 
and  inferior  recti  which  rotate  the  eye  round  an  axis  which 
meets  the  middle  line  in  front  of  the  eyes  at  an  angle  of  63° : 
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(3.)  The  two  oblique  muscles  which  rotate  the  eye  round  an 
axis  which  meets  the  middle  line  behind  the  eye  at  an  angle 

of  39°— (see  Fig.  163).  The 
Right.  Middle  Line.  Left,   direction  of  action  of  the  first 

pair  is  lateral — that  of  the 
second  and  third  is  represented 
by  the  figure. 

If  each  muscle  were  to  con- 
tract alone,  the  displacement  of 
the  cornea  which  it  would  pro- 
duce would  be  as  follows — (see 
Fig.  164).  The  externus  would 
displace  the  cornea  outwards 
without  any  torsion  round  the 
antero-posterior  axis,  the  inter- 
nus  would  displace  the  cornea 
inwards,  also  without  any  torsion. 
The  superior  rectus  would  dis- 
place the  cornea  upwards  and 
slightly  inwards,  and  at  the 
same  time  twist  the  upper  part 
towards  the  nose  (medial  tor- 
sion). The  inferior  rectus  would 
displace  the  cornea  downwards 
and  slightly  inwards,  and  twist 
the  upper  part  away  from  the 
nose  (lateral  torsion).  The  sup- 
erior oblique  would  displace  the 
cornea  downwards  and  slightly 
outwards,  and  produce  at  the 
same  time  medial  torsion.  The 
inferior  oblique  woiild  displace 
the  cornea  upwards  and  slightly 
outwards,  and  produce  lateral 
torsion. 

Purely  lateral  movements 
are  effected  by  the  external  and 
internal  recti  alone.  Purely 
vertical  movements  are  effected  by  the  combined  action  of  a 
straight  and  oblique  elevator  or  depressor.    Movements  in 


Fig.  164. — Diagram  shomng  move- 
ment of  cornea  produced  by  each  muscle 
separately. 
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intermediate  direcfcious  are  effected  by  the  combined  action  of 
a  lateral  and  two  elevating  or  depressing  muscles. 

Purely  vertical  or  purely  lateral  movements,  starting  from  a 
position  in  which  the  visual  axis  is  directed  straight  forwards  in 
the  horizontal  plane  (a  position  which  may  be  called  the  initial 
position),  bring  the  eye  into  what  are  called  'primary  positions. 

Movements  of  the  eyes  into  primary  positions  take  place 
without  any  torsion.  In  the  case  of  purely  lateral  movements 
the  reason  of  this  is  obvious,  in  the  purely  vertical  it  is  because 
the  torsional  movements  of  the  two  elevators  or  depressors 
counteract  each  other.  Movements  into  positions  intermediate 
between  purely  lateral  and  purely  vertical,  or  into  what  are 
called  secondary  positions,  are  accompanied  by  torsion,  the  direc- 
tion and  extent  of  which  depends  on  the  direction  and  extent 
of  the  lateral  and  vertical  displacement  from  the  initial  position. 
When  the  eye  is  abducted,  or  turned  away  from  the  nose,  the 
torsional  effect  of  the  oblique  muscles  preponderates,  when  it  is 
adducted,  i.e.,  turned  towards  the  nose,  the  torsional  effect  of  the 
recti  preponderates.  It  follows  from  this,  what  is  found  experi- 
mentally to  be  the  case,  that  when  both  eyes  are  turned  in  the 
same  direction  into  any  secondary  position,  i.e.,  upwards  or 
downwards,  to  the  right  or  left,  the  torsion  is  in  the  same  direc- 
tion in  both  eyes,  as  one  is  art!ducted  the  other  a&ducted,  so  that 
in  the  one  the  torsion  is  lateral  and  in  the  other  medial. 

Two  kinds  of  associated  movements  of  the  two  eyes  exist, 
and  take  place  either  singly  or  combined,  viz. — (1.)  movements 
in  the  same  direction,  and  (2.)  movements -of  convergence,  or 
such  as  bring  or  tend  to  bring  the  two  visual  axes  to  cross  each 
other  in  front  of  the  eyes.  A  combination  of  these  two  move- 
ments takes  place  when  any  near  object  is  fixed  which  is  situated 
to  one  side  of  the  sagittal  plane.  When,  for  instance,  the  object 
fixed  is  considerably  to  the  right  of  that  plane,  and  at  the  same 
time  near  the  eyes,  the  right  eye  is  turned  outwards,  while  the 
left,  being  also  directed  to  the  right,  is  turned  inwards.  Further, 
the  angular  extent  of  the  rotation  of  the  left  eye  is  greater  than 
that  of  the  right.  Under  these  circumstances  we  must  assume, 
as  has  been  pointed  out  by  Hering,  that  the  internal  rectus  of 
each  eye  contracts,  under  the  influence  of  an  impulse  to  conver- 
gence, to  an  extent  which  would  bring  their  axes  to  cross  at  a 
point  in  the  middle  line  about  the  same  distance  from  the  eyes 
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as  the  lateral  point  actually  fixed,  and  that  simultaneously  the 
left  internus,  acting  along  with  the  right  externus,  under  a 
stimulus  towards  a  lateral  associated  movement,  effect  the 
remaining  change  in  position  which  is  required  for  the  fixation 
of  the  object.  The  right  eye  is  therefore  kept  in  the  position 
which  it  occupies  by  a  contraction  of  the  rectus  externus,  which 
to  some  extent  is  counteracted  by  a  contraction  of  the  internus, 
whereas  the  position  of  the  left  is  the  result  of  a  contraction  of 
the  internus  alone,  effected,  however,  in  response  to  two  different 
impulses.  If  this  view  be  correct,  as  there  is  good  experimental 
evidence  for  supposing  it  to  be,  it  follows  that  the  same  position 
of  the  eye  may  be  associated  with  very  different  degrees  of 
innervation,  and  consequent  tension  of  its  lateral  muscles.  This 
point  is  probably  of  no  inconsiderable  importance  in  connection 
with  the  etiology  of  strabismus. 

Associated  movements  in  the  same  direction  are  brought 
about  by  impulses,  proceeding  in  all  probability  from  definite 
centres  in  the  brain.  They  are  in  great  measure  regulated  by 
the  desire  for  binocular  vision,  i.e.,  for  the  fusion  of  the  two 
retinal  images  into  one,  or  what  is  often  simply  called,  and  will 
be  afterwards  spoken  of  o.^,  fusion.  This  fusion  only  takes  place 
as  a  rule  when  the  two  visual  axes  are  both  directed  on  the 
object  on  which  attention  is  fixed.  When  only  one  visual  axis 
is  directed  on  the  object  looked  at,  whilst  the  other  de^dates  in 
any  direction,  there  is  said  to  be  a  strabismus  or  squint.  But 
even  when  the  regulating  influence  of  fusion  is  withdrawn,  as 
happens  when  the  one  eye  is  occluded,  the  central  impulse  to 
associated  movement  in  the  same  dhrection  is  sufficiently  power- 
ful to  bring  about  more  or  less  perfect  correspondence  in  the 
degree  of  the  change  of  position  of  the  two  eyes. 

Associated  movements  to  either  side,  or  upwards  and  down- 
wards, i.e.,  movements  into  what  are  called  the pnmary  positions, 
are  found  to  be  less  dependent  on  binocular  vision  than  move- 
ments in  intermediate  directions,  lateral  and  vertical  combined, 
or  the  so-called  secondary  directions.  In  all  probability  this  is 
because  the  more  constant  use  of  the  eyes  in  the  primary 
positions  leads  to  a  more  perfect  regulation  of  the  centres  by 
which  they  are  actuated. 

The  greatest  possible  movement  of  the  eyes  takes  place 
downwards,  and  the  least  upwards.    The  full  extent  of  possible 
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downward  rotation  is  from  55°  to  60°,  that  of  upward  rotation 
only  about  30°.  Not  so  much  difference  exists  in  the  normal 
extent  to  which  rotation  inwards  and  outwards  can  take  place, 
though  the  inward  movement  is  slightly  more  extensive,  or 
about  45°,  the  outward  being  rather  more  than  40°. 

In  the  associated  movements  to  convergence  we  recognise 
other  regulating  factors  besides  that  of  fusion,  which  is,  however, 
undoubtedly  the  most  important.    Thus  there  is  a  more  or  less 
intimate  connection  between  accommodative  and  convergent 
impulses,  a  connection  which,  in  the  form  in  which  it  exists  in 
each  individual  case,  there  are  many  reasons  for  looking  upon 
as  partly  inherited  and  partly  acquired.    Again,  as  when  by 
occlusion  of  the  one  eye  we  remove  the  regulating  influence  of 
fusion,  but  yet  do  not  find  the  convergence  corresponding  to 
that  which  might  be  expected  from  its  connection  with  the 
accommodative  effort  required,  even  when  we  take  into  con- 
sideration the  starting-point  of  convergence  (or  the  position 
which  the  eyes  assume  before  any  convergent  effort  is  made), 
we  are  forced  to  recognise  still  another  factor  influencing  the 
centre  for  convergence.    This  factor  has  been  called  by  Hansen 
Grrut  the  consciousness  of  the  distance  of  the  object  fixed.  This 
consciousness  is  probably  to  a  great  extent  an  expression  for  the 
acquired  regulation  of  the  centres  of  association  for  convergence 
and  accommodation,  the  persistence,  in  fact,  of  a  state  of 
innervation  which,  under   existing  conditions,  is  constantly 
called  for. 

The  first  factor,  viz.,  fusion,  is  the  more  powerful  in  bringing 
about  a  perfect  association  in  the  convergent  movements  of  both 
eyes,  the  greater  the  equality  as  well  as  acuity  of  their  vision. 
Something  also  depends  on  the  functional  activity  of  the  central 
mechanism  of  fusion.  Thus  we  see,  in  the  first  place,  when  the 
vision  of  one  eye  has  from  some  cause  or  other  become  impaired, 
a  want  of  correspondence  in  the  convergent  movements  in  cases 
where  such  has  previously  existed  only  in  a  latent  form ;  and, 
in  the  second  place,  it  sometimes  happens  that  when  similar 
latent  convergent  efifects  have  been  always  hitherto  overcome 
in  the  interest  of  binocular  vision,  some  debilitating  influence 
leads  all  at  once  to  a  failure  in  the  maintenance  of  this  regulating 
power,  notwithstanding  the  existence  of  good  vision  in  both  eyes 
In  other  words,  we  may  see  a  manifest  squint  occasioned  by 
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diminished  fusion,  due  either  to  circumstances  which  obviously 
diminish  the  necessity  for  binocular  vision,  or  to  paresis  of  the 
nervous  centre  of  fusion  itself. 

The  power  of  fusion  is  much  greater  in  the  lateral  than  in 
the  vertical  movements,  because  much  more  frequently  called 
for.    In  this  respect,  too,  the  internus  has  the  advantage  over 
the  externus,  while  the  power  of  all  to  overcome  difficulties  in 
the  interest  of  binocular  vision  is  strengthened  by  practice.  As 
a  rule,  under  normal  conditions,  when  a  distant  object  is  fixed, 
a  prism  of  6°  to  8°,  held  with  its  base  inwards  in  front  of  one 
eye,  the  effect  of  which  is  to  displace  outwards  the  direction  in 
which  the  object  appears  to  lie,  can  be  overcome,  i.e.,  the 
diplopia  to  which  this  gives  rise  can  be  removed  by  a  movement 
outwards  of  the  eye.    This,  however,  is  about  the  limit,  whereas 
prisms  with  the  bases  outwards  of  20°  to  40°  or  more,  may  be 
overcome  by  an  inward  rotation.    In  a  vertical  direction  any 
prism  stronger  than  4°  (and  often  less)  usually  gives  rise  to 
diplopia  which  cannot  be  overcome.    In  exceptional  cases  a 
much  greater  vertical  prismatic  separation  can  be  overcome 
by  fusion. 

A  study  of  the  conditions  influencing  associated  movements 
not  only  throws  light  on  the  pathology  of  the  ordinary  varieties 
of  strabismus,  but  also  affords  an  explanation  of  many  apparent 
irregularities  in  the  manifestations  of  paralytic  squints,  and  is 
consequently  of  diagnostic  importance.     The  most  intimate 
association  between  accommodation  and  convergence  is  present 
when  a  certain  amount  of  accommodation  induces  at  the  same 
time  a  corresponding  degree  of  convergence  of  the  visual  axes 
from  their  position  of  rest.    What  must  therefore  be  looked 
upon  as  a  theoretically  normal  connection  is  a  simultaneous 
accommodation  for,  and  convergence  on,  the  same  point.  This 
could  obviously  only  take  place  (as  a  result  of  the  intimate 
association  of  the  impulses  to  these  two  movements  alone,  and 
independently  of  other  regulating  factors)  when  there  was  at  the 
same  time  emmetropia  and  parallelism  of  the  axes  of  vision  in 
the  state  of  rest.    Thus,  in  the  case  of  emmetropia,  when  a  point 
of  \  metre  from  the  eye  is  accommodated  for,  and  therefore 
4  dioptres  of  accommodation  brought  into  play,  there  should  be 
(provided  the  axes  in  the  state  of  rest  are  parallel)  convergence 
of  the  eyes  on  the  same  point,  or  what  would  now  be  called 
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4-metre  angles  of  convergence.  In  order  fully  to  understand, 
however,  in  how  far  the  accommodative  and  convergent  move- 
ments are  ultimately  connected  in  any  individual  case,  it  is 
obviously  necessary  to  know  in  the  first  place  the  state  of 
refraction  of  each  eye,  and  in  the  second  the  position  of  equili- 
brium of  the  visual  axes,  or,  in  other  words,  the  starting-point 
of  convergence.  If,  for  instance,  in  a  case  of  emmetropia  there 
is  a  divergent  position  of  equilibrivim,  as  is  often  the  case,  the 
ideal  connection  between  the  associated  impulses  would  lead  to 
a  convergence  less  than  towards  the  point  accommodated  for. 
If  we  suppose,  as  before,  that  accommodation  took  place  for  a 
point  \  metre  distant,  the  convergence,  while  aU  the  time 
equalling  4-metre  angles  in  amount,  would  direct  the  axes  to  a 
point  further  off  than  \  metre.  Again,  with  hypermetropia,  2-0, 
as  accommodation  for  a  point  \  metre  from  the  eye,  necessitates 
6  dioptres  of  accommodation,  the  ideaUy  associated  degree  of 
convergence  of  6 -metre  angles  would  bring  the  visual  axes  from 
parallehsm  to  be  directed  towards  a  point  \  metre  from  the 
eyes,  that  is,  the  distance  converged  for  would  be  nearer  than 
that  accommodated  for.  Where  this  connection  existed  on 
occlusion  of  the  one  eye,  the  other  would  be  directed  on  the 
point  for  which  it  was  accommodated,  and  the  axis  of  the 
occluded  eye  would  cross  that  of  the  fixing  one  at  a  nearer  point, 
i.e.,  the  occluded  eye  would  stand  in  the  position  of  convergent 
I  strabismus.  In  a  similar  manner  the  ideal  connection  between, 
accommodation  and  convergence  would  in  the  case  of  myopia 
lead  to  a  divergent  strabismus  of  the  occluded  eye. 

The  ideal  connection  between  accommodation  and  con- 
vergence is  far  from  being  the  rule.  We  meet  in  fact  in  all 
states  of  refraction  with  many  cases  in  which  there  is  both  a 
latent  defect  and  a  latent  excess  in  the  degree  of  associated 
convergence.  In  emmetropia  a  near  approximation  to  the 
ideal  connection  is  the  rule,  although  there  is  frequently  some 
degree  of  latent  divergence  met  with,  less  frequently  latent 
convergence.  In  hypermetropia  it  is  the  rule  to  find  the 
convergence  lagging  behind  the  accommodation  in  amount,  so 
that  there  is  only  slight  convergence,  no  deviation  or  even 
divergence  found  behind  the  occluding  hand.  In  myopia,  on 
the  other  hand,  the  amount  of  convergence  is  usually  in  excess 
of  the  accommodation,  which  leads  to  less  divergence  behind 
38 
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the  occluding  hand  than  might  be  expected,  or  to  no  deviation, 
or  even  in  some  cases  to  convergence. 

The  maimer  in  which  the  relation  between  convergence  and  accom- 
modation may  be  tested  practically,  is  by  causmg  the  patient  to  fix  with 
one  eye  an  object  at  about  10  mches  or  \  metre  from  the  eye,  Avhile 
the  oijserver's  hand  is  held  in  front  of  the  other  eye ;  on  then  removmg 
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Fig.  165. 

the  hand  after  twenty  or  thirty  seconds,  the  previously  occluded  eye 
either  makes  a  movement  inwards  or  outwards,  or  remains  in  the 
position  it  assumed  behind  the  occluding  hand.  If  after  removing  the 
band  a  movement  of  the  eye  takes  place  inwards,  it  shows  that  it  was 
diverging,  if  outwards,  converging  relatively  to  the  direction  it  should 
have.    It  is  important  in  making  this  test  to  make  sure  that  the 


Fig.  166. 


uncovered  eye  is  accurately  accommodated  for  the  object  fixed.  Wo 
may  then  proceed  to  determine  whether  the  state  of  matters  met  with 
is  accounted  for  by  the  position  of  equilibrium  of  innervation  of  the 
muscles,  a  test  which  cannot  always  be  very  satisfactorily  made.  _  What 
we  desire  to  discover  is  the  position  of  innervation  equilibrium, 
independent  of  any  accommodative  impulse.  In  the  case  of  emme- 
tropia  and  myopia  aU  that  is  requhed  is  to  examine  in  the  same  way 


PHYSIOLOGICAL  AND  INTRODUCTORY. 


as  first  described,  with  tliis  difference  only,  that  instead  of  fixing  a 
near  object  the  uncovered  eye  is  caused  to  fix  a  distant  one.  When 
there  is  hyioermetrojDia  an  ajaproach  to  the  actual  condition  may  be 
made,  greater  or  less  according  to  circumstances,  by  correcting  the 
liypermetropia  before  making  tlie  test ;  but  even  when  the  total  hyper- 
metropia  is  corrected  after  the  use  of  atropine,  there  may  still  remain 
a  certain  degree  of  convergence  brought  into  play  by  an  impulse  to 
accommodation. 

The  method  above  described  for  determining  the  relative  positions 
of  the  eyes  is  sufficiently  accurate  for  practical  purposes,  so  far,  at  all 
events,  as  the  lateral  muscles  are  concerned,  as  it  is  only  in  the  case 
of  the  more  pronoimced  deviations  that  any  treatment  is  called  for. 
It  is  sometimes  desirable,  however,  to  make  more  precise  and  more 
definitely  quantitative  measurements  of  latent  deviations,  and  to  do 
this,  on  distant  fixation,  a  very  sunple  and  easily  applied  test  is  that 
with  the  Maddox  glass  rod  and  tangent  scale.    The  patient  stands 
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facing  a  large  scale,  graduated  in  tenths  of  a  metre  angle  for  the 
distance  (5  or  6  metres)  at  which  the  test  is  made.  At  the  centre  of 
the  scale  is  a  candle  flame.  This  is  fixed  by  the  one  eye.  In  front 
of  the  other  a  cylindrical  rod  of  5  to  6  mm.  in  diameter,  of  clear  red 
glass,  is  held  horizontally.  The  effect  of  this  is  to  present  to  that 
eye  a  long  vertical  red  Hne  image  of  the  candle  flame.  If  there  be  no 
latent  lateral  deviation  of  the  eyes,  this  linear  image  appears  to  pass 
through  the  centre  of  the  flame.  The  existence  of  a  lateral  deviation, 
on  the  other  hand,  causes  the  line  of  light  to  appear  to  cut  the  scale 
at  some  distance,  which  can  be  easily  read  on  the  scale,  to  one  side  or 
other  of  the  flame.  Fig.  166  A  shows  the  rod  fixed  opposite  a  slit  in 
a  small  metal  screen  which  prevents  any  object  being  seen  by  the  eye 
in  front  of  which  it  is  held,  except  the  elongated  image  of  the  flame. 
Fig.  166  B  shows  another  arrangement  consisting  of  a  number  of  rods 
by  which  the  same  effect  is  obtained  without  any  difficulty  in  bringing 
tlie  cylinder  opposite  the  pupil.  Fig.  165  shows  the  manner  in  which 
the  line  of  light  is  projected  on  the  tangent  scale. 

For  the  accurate  measurement  of  deviations  at  nearer  distances  of 
fixation,  the  method  introduced  by  Maddox,  with  a  tangent  scale  and 
a  prism  of  10°,  placed  base  upwards  in  front  of  the  non-fixing  eye, 
may  be  most  conveniently  adopted.    Fig.  167  shows  a  portion  of  a 
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scale,  graduated  in  metre  angles  for  a  fixation  distance  of  J  of  a 
metre— a  distance  corresponding  sufficiently  to  the  ordinary  reading 
distance— when  the  scale  is  held  in  front  of  the  patient  at  the  proper 
distance,  and  the  central  or  zero  point  fixed,  the  lower  arrow,  i.e.,  the 
false  image  caused  by  the  prism,  points  to  the  number  on  the  scale 
which  indicates  the  latent  deviation  for  that  distance  of  fixation  and 
to  either  side  of  zero,  according  as  the  deviation  is  one  of  convergence 
or  of  divergence.  Each  scale  should  have  attached  to  it  a  string  of 
such  a  length  that  when  the  free  end  is  held  by  the  finger  of  the 
individual  examined  against  his  own  temple,  the  distance  at  which 
the  scale  should  be  used  is  obtained  by  keeping  it  stretched.  _  The 
line  of  small  print  below  the  scale  is  introduced  with  the  object  oi 
securing  accurate  accommodation,  a  matter  of  the  utmost  importance 
in  making  measurements  from  which  any  deductions  as  to  existing 
relations  between  accommodation  and  convergence  are  to  be  drawn. 

For  measuring  vertical  deviations  on  distant  fixation  the  glass  rod 
and  a  vertical  scale  graduated  in  degrees,  with  a  small  flame  at  the 
zero  point,  is  most  convenient.  The  metre-angle  scale  has,  of  course, 
only  a  raison  d'etre  in  connection  with  lateral  deviations. 

Paealysis  of  Oculae  Muscles. 

When  the  action  of  any  muscle  of  the  eye  is  weakened  there 
is  a  tendency  for  that  eye  to  lag  behind  when  an  attempt  is 
made  to  turn  both  eyes  in  the  direction  of  action  of  the 
weakened  muscle.    In  the  case  of  paralysis  of  either  of  the 
lateral  recti,  the  defect  in  the  associated  movements  of  the  two 
eyes  to  the  one  side  is  often  quite  appreciable  on  mere  in- 
spection, it  being  evident  where  the  weakness  lies,  though,  if 
there  be  only  slight  paresis,  such  defect  may,  although  it  does 
.  exist,  escape  observation.   In  such  cases,  and  mostly  in  the  case 
of  paresis  of  other  of  the  oculo-motor  muscles,  the  diagnosis  is 
most  readily,  or  it  may  be  only,  arrived  at,  by  a  consideration 
of  the  diplopia  or  double  vision  to  which  the  condition  gives 
rise.    If  in  any  position  of  fixation  the  two  visual  axes  do  not 
cross  on  the  object  fixed,  there  is,  provided  there  existed  pre- 
viously true  binocular  vision,  diplopia  for  that  position.  The 
diplopia  is  more  and  more  marked,  i.e.,  the  distance  of  the  double 
images  apart  is  greater  and  greater,  the  further  the  object  fixed 
lies  towards  the  boundary  of  action  of  the  weakened  muscle. 

To  facilitate  the  examination  of  the  nature  of  the  diplopia 
in  any  case,  it  is  customary  to  place  a  coloured  glass— most  con- 
veniently a  dark  red  glass— in  front  of  one  eye,  and  cause  the 
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patient  to  look  with  both  eyes  at  a  candle  flame  held  in  the 
observer's  hand  at  a  distance  of  a  few  feet  from  the  patient. 
This  plan  not  only  renders  the  diplopia  more  apparent  to  the 
patient,  owing  to  the  difference  in  colour  of  the  two  images  which 
it  produces,  but  also  indicates  to  the  observer,  from  the  state- 
ments of  the  patient  as  to  the  relative  positions  of  the  coloured 
and  uncoloured  images,  the  relative  positions  of  the  image  of 
either  eye,  from  which  he  deduces  the  relative  position  of  the 
eyes  themselves,  and  consequently  arrives  at  the  conclusion  as 
to  which  muscle  or  muscles  fail  to  perform  their  function.  The 
coloured  glass  should  be  held  in  front  of  the  fixing  eye,  which  is 
at  the  same  time  generally,  though  not  always,  the  sound  one,  so 
far  as  the  muscular  defect  is  concerned.  The  image  in  the  fixing 
eye  being  a  central  one,  i.e.,  one  falling  on  the  central  area  of  the 
retina  or  the  fovea  centralis,  is  always  more  distinct  than  the 
more  peripheral  image  in  the  deviating  eye,  consequently  there 
is  produced  when  the  coloured  glass  is  held  in  front  of  the 
fixing  eye  a  less  considerable  difference  in  the  strength  of  the 
two  impressions  than  would  be  the  case  if  it  were  held  in  front 
of  the  deviating  one,  and  on  this  account  there  is  less  tendency 
to  suppress  mentally  the  image  of  one  eye  which  would  render 
the  examination  of  the  diplopia  impossible. 

If  one  eye  be  directed  straight  forward,  all  objects  to  the 
outer  side  of  that  fixed  by  it  have  their  corresponding  images 
on  the  inner  side  of  the  retina,  while  objects  to  the  nasal  side 
form  images  on  the  outer  side  of  the  retina.  In  order  to  be  able 
to  see  these  objects  distinctly,  we  should  have  to  move  the  eye 
outwards  or  inwards  respectively,  and  to  an  extent  varying  with 
the  position  of  each  object.  We  gradually  and  unconsciously 
acquire  the  knowledge  of  the  relative  position  of  objects  from 
learning,  without  being  aware  of  it,  what  amount  of  innervation 
is  necessary  to  effect  and  regulate  this  directing  of  the  visual 
axes.  We  are  accordingly  in  the  habit  of  mentally  projecting 
images  lying  on  the  nasal  side  of  the  centre  of  the  retina  later- 
ally, i.e.,  in  the  case  of  the  right  eye,  to  the  right  of  the  object 
fixed  by  the  macula,  and  in  the  case  of  the  left  eye,  to  the  left, 
and  of  projecting  images  lying  to  the  temporal  side  of  the  centre 
of  the  retina  medially,  i.e.,  in  the  case  of  the  right  eye,  to  the 
left,  and  in  case  of  the  left  eye,  to  the  right.  At  the  same  time, 
and  for  a  similar  reason — viz.,  as  tlie  result  of  the  acquired 
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knowledge  of  the  normal  position  of  the  eyes — the  fields  of 
vision,  whatever  be  their  relative  position,  are  as  a  rule  mentally 
superposed,  consequently  the  visual  axis  of  a  deviating  eye  is 
mentally  projected  so  as  to  meet  that  of  the  fixing  eye  on  the 
object  fixed. 

From  these  two  laws  it  follows  that  when  the  position  of 
the.  deviating  eye  is  one  of  too  great  convergence,  the  image 
on  it  of  the  object  fixed  by  the  other  eye,  falling  to  the  nasal 
side  of  the  retina,  is  projected  so  as  to  appear  displaced,  with 
respect  to  the  image  of  the  fixing  eye,  in  the  opposite  direction 
to  that  of  deviation :  therefore,  in  the  case  of  too  great  con- 
vergence of  the  right  eye,  to  the  right,  and  of  the  left,  to  the 
left.  This  form  of  diplopia  is  called  homonymous,  as  the  image 
to  the  right  corresponds  to  the  right  eye,  and  that  to  the  left  to 
the  left  eye.  Again,  if  the  deviation  be  one  of  too  great  diver- 
gence, the  eccentric  image  is  for  a  similar  reason  projected  as 
before  in  a  direction  opposite  to  that  of  the  deviation,  w^hich 
gives  rise  in  this  case  to  what  is  called  crossed  diplopia,  as  the 
image  of  the  right  eye  appears  to  the  left,  and  that  of  the  left 
to  the  right.  Therefore,  relatively,  too  great  divergence  with 
respect  to  the  object  fixed  gives  rise  to  crossed  diplopia. 

Where  there  is  a  paralysis  or  paresis  of  any  of  the  muscles 
which  turii  the  eye  outwards,  there  will  be,  for  certain  positions 
of  fixation  at  any  rate,  relatively  too  great  convergence,  and 
consequently,  where  the  other  conditions  favouring  double  "sdsion 
exist,  the  diplopia  will  be  homonymous.  The  pareses  in  which 
we  might  therefore  expect  to  find  homonymous  diplopia  are 
those  of  the  external  rectus,  and  also  of  either  oblique  muscle. 

Again,  when  there  is  paralysis  or  paresis  of  any  of  the 
muscles  which  move  the  eye  inwards,  there  is  for  certain  posi- 
tions of  fixation  relatively  too  great  divergence,  and  consequently, 
the  existing  double  vision  is  crossed.  The  pareses  in  which  we 
find  crossed  diplopia  are  therefore  those  of  the  internal,  superior 
and  inferior  recti,  muscles. 

Besides  lateral  displacement  of  the  double  images,  two  other 
directions  of  displacement  require  attention,  viz.,  the  vertical 
and  the  torsional  displacements.  When  one  eye  lags  behind  in 
an  attempt  at  associated  vertical  movement,  or,  in  other  words, 
when  its  visual  axis  deviates  from  the  point  fixed,  either  upwards 
or  downwards,  the  image  on  it  of  the  point  which  is  fixed  by  the 


PARALYSIS  OF  OCULAR  MUSCLES  599 


fovea  of  the  properly  directed  eye  appears  displaced  in  space  in 
a  direction,  with  respect  to  the  image  of  the  properly  directed 
eye,  opposite  to  that  of  the  deviation — ix.,  when  the  deviation 
is  downwards,  the  image  of  the  deviating  eye  appears  higher 
than  that  of  the  other ;  and  when  the  deviation  is  upwards,  the 


Fis.  168. — Shows  manner  of  projection  in  abnormal  convergence 
of  right  eye.  0,  point  fixed  by  left  eye  ;  m  n  d,  direction  of  visual 
axis  of  right  eye,  m,  its  fovea,  n,  its  nodal  point ;  x,  position  of 
image  of  0  in  right  eye  ;  m'  n'  0',  position  in  which  individual 
unconsciously  supposes  right  eye  to  be  ;  x'  n'  0',  direction  in  which 
right  eye  projects  image  of  0;  m  x  —  ni'  x'. — (After  Alf.  Graefe.) 

image  of  the  deviating  eye  is  lower  than  the  other.  To  the 
lower  eye  corresponds,  then,  always  the  higher  image,  and 
vice  versd. 

The  explanation  of  this  is  exactly  similar  to  that  which  has 
just  been  given  in  the  case  of  lateral  dis^jlacement.   The  indi^a- 
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dual  is,  so  to  speak,  unconscious  of  the  position  of  the  deviating 
eye,  which  he  imagines  to  be  directed  in  accordance  with  the 
hitherto  existing  laws  of  association.  He  therefore  projects  its 
image,  not  in  accordance  with  its  actual  position,  but  with  the 
position  into  which  the  associated  impulse  should  have  brought 
it,  had  there  been  nothing  preventing  it  from  responding  to  that 
impulse. 

The  same  misinterpretation  of  the  actual  position  of  the 


Fig.  169. — Shows  manner  of  projection  in  abnormal  divergence. 
Lettering  as  in  Fig.  168.  x'  n'  0',  direction  in  which  image  of  0  is 
projected  by  right  eye. 


deviating  eye  explains  also  the  torsional  displacement  of  its 
projected  image,  which  is  found  for  definite  positions  of  fixation 
in  some  forms  of  paresis.  When,  owing  to  the  paralysis  or 
paresis  of  a  muscle,  the  torsional  effect  which  its  action  should 
produce  on  the  position  of  the  eye  is  absent  or  incomplete,  the 
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twisting  of  the  projected  image  is  also  in  the  opposite  direction 
of  the  deviation :  thus  if,  instead  of  being  twisted  to  the  right, 
the  eye  remains  untwisted,  i.e.,  remains  behind  the  other  to 
the  left,  as  far  as  torsion  goes,  the  projected  image  is  twisted 
to  the  right. 

The  manner  in  which  the  image  of  the  deviating  eye  is 
usually  projected  explains,  too,  a  symptom  which  is  often  met 
with  in  fresh  cases  of  paralysis  or  paresis,  viz.,  a  giddiness 
and  uncertainty  in  the  movements  of  the  individual.  If  the 
patient  be  made  to  fix  with  the  affected  eye  whilst  the  other 
is  occluded,  he  sees  everything  to  the  side  of  the  paralysed 
or  paretic  muscle  displaced  in  the  direction  of  action  of  that 
muscle.  This  may  be  readily  demonstrated  by  causing  him  to 
grasp  quickly  with  the  hand  of  the  same  side  at  the  object 
wliich  he  attempts  to  fix  with  the  affected  eye,  when  it  is 
found  that  he  grasps  too  far  in  the  direction  of  action  of  the 
weakened  muscle.  In  order  that  this  experiment  should  suc- 
ceed properly,  his  hand  must  have  been  previously  out  of  view, 
and  the  attempt  at  grasping  be  made  quickly,  otherwise  it  is 
evident  that  the  conditions  for  rectifying  the  error  of  projection 
are  introduced.  The  giddiness  disappears  when  the  affected  eye 
is  occluded,  but  not  if  the  sound  one  be  occluded.  Tor  a  similar 
reason  it  is  evident  that  the  difficulties  introduced  by  paresis  of 
the  ocular  muscles  are  greater  when  the  affected  eye  is  used  for 
fixation.  "When  this  is  the  case,  there  is  at  the  same  time,  when 
double  vision  exists,  a  greater  separation  of  the  double  images 
than  is  the  case  when  the  sound  eye  is  the  fixing  one,  because 
the  unwonted  effort  required  by  the  affected  eye  for  fixation 
of  objects  lying  in  the  direction  of  the  paretic  muscle  is  asso- 
ciated with  a  greater  movement  in  the  same  direction  of  the 
other  eye,  for  which  there  exists  no  impediment  to  movement  in 
that  direction. 

The  deviation  of  the  sound  eye,  when  the  affected  one  is  used 
for  fixation,  is  called  the  secondary  deviation,  as  distinguished 
from  the  primary  deviation  of  the  affected  eye  when  the  sound 
one  is  used  for  fixation.  The  secondary  deviation  is  evidently 
a  measure  of  the  degree  of  abnormal  effort  required  by  the 
weakened  muscle  to  evolve  the  power  required  of  it.  The 
difference  in  the  case  of  paralysis  between  the  primary  and 
secondary  deviations  constitutes  one  of  the  essential  points  of 
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distinction  between  paralytic  and  ordinary  or  concomitant 
squint. 

Two  circumstances  may  affect  the  position  of  the  double 
images  to  which  paresis  of  a  muscle  gives  rise :  (1.)  The  previous 
position  of  equilibrium  of  the  eyes;  and  (2.)  the  so-called 
secondary  contracture  of  the  antagonistic  muscle.  If  the  natural 
position  of  equilibrium  be  one  of  considerable  divergence,  the 
homonymous  displacement  of  the  double  image  in  paralysis  of 
an  oblique  muscle  may  not  appear ;  if  it  be  one  of  considerable 
convergence,  on  the  other  hand,  the  crossed  character  of  the 
lateral  displacement  in  paralysis  of  the  superior  or  inferior  rectus 
may  not  be  present.  When,  again,  there  is  a  so-called  secondary 
contracture  of  an  antagonistic  muscle,  the  area  over  which  the 
diplopia  becomes  manifest  in  any  case  is  extended,  so  that 
instead  of  merely  existing  in  the  direction  of  action  of  the 
weakened  muscle,  it  extends  over  more  or  less  of  that  of  the 
antagonist  as  well.  The  occurrence  of  a  secondary  contracture 
is  not  altogether  dependent  on  the  degree  of  the  primary  defect, 
and  may  even  exist  when  the  original  paresis  has  disappeared. 
When  the  secondary  contracture  is  marked  there  is  not  so  fre- 
quently diplopia.  In  the  case  of  paralysis  or  paresis  of  the 
external  rectus  it  is  the  internal  rectus  which  is  secondarily  con- 
tracted, in  paralysis  and  paresis  of  the  superior  oblique  it  may 
be  either  the  inferior  oblique,  or  superior  rectus,  or  both. 

Secondary  contracture  in  ocular  paralysis  is  not  analogous  to 
contracture  of  muscles  elsewhere  in  the  body.  There  is,  for  in- 
stance, no  fixing  of  the  eye  in  one  position ;  it  is  free  to  move  in 
the  direction  opposite  to  that  of  the  supposed  contraction.  The 
term  is  obviously  a  misnomer.  The  cause  of  the  preponderating 
action  of  the  one  muscle  in  any  case  is,  in  fact,  the  alteration 
produced  in  the  relative  innervation  of  the  antagonistic  muscles. 
The  difference  in  the  amount  in  different  cases  is  no  doubt  owing 
to  the  different  original  states  of  innervation  which  exist. 

It  is  not  always  easy  to  tell  without  determining  the  natiu-e 
of  the  diplopia  for  which  eye  the  paresis  exists.  This  is,  how- 
ever, readily  done  by  noting  to  which  eye  that  image  belongs 
which  lies  furthest  in  the  direction  in  which  the  separation  of  the 
two  images  is  greatest.  That  eye,  therefore,  lags  behind,  and  does 
so  owing  to  a  weakness  of  the  muscle  which  should  move  it  in 
that  direction. 
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The  image  which  appears  in  the  wrong  place  is  often  recog- 
nised by  the  patient  himself  as  the  false  image,  that  which  is 
seen  in  its  proper  place  as  the  tnte.  As  the  sound  eye  is  gene- 
rally used  for  fixation,  the  false  image  is  at  the  same  time  most 
frequently  less  distinct  than  the  true  one,  corresponding  as  it 
does  to  a  peripheral  retinal  impression. 

There  may  be  paralysis  or  paresis  of  one  or  more  ocular 
muscles  without  any  diplopia.  There  are  several  reasons  for 
this.  When  a  deviation  of  the  axis  exists  for  some  definite 
positions,  and  yet  does  not  give  rise  to  the  diplopia  which 
should  characterise  the  strabismus,  this  is  either  because  the 
image  of  the  deviating  eye  is  suppressed  mentally,  or  because  the 
patient  has  acquired  the  habit  of  projecting  the  images  falling 
on  the  deviating  eye  in  accordance  with  the  position  it  assumes, 
and  not  in  accordance,  as  is  the  rule,  with  the  impulse  to 
associated  movements. 

The  first  is  the  most  common  cause.  But  even  when  there 
is  in  no  position  any  deviation,  there  may  yet  exist  a  paretic 
condition  of  one  of  the  ocular  muscles.  Thus  it  often  happens 
that  the  paresis  is  so  slight  that  it  can  be  overcome  by  fusion  in 
the  interest  of  binocular  vision.  This  is,  of  course,  most  common 
in  cases  of  paresis  of  one  of  the  lateral  muscles,  as  the  power  of 
fusion  is  greatest  laterally.  It  is  mostly  met  with  in  cases  of 
internus  paresis,  as  in  such  cases  a  much  greater  defect  may  be 
overcome  in  this  way  than  is  usually  possible  when  the  ex- 
ternus  is  weakened.  In  order  to  detect  whether  there  is  a 
hidden  paresis  of  this  nature,  all  that  is  necessary  in  the  case  of 
the  lateral  muscles  is  to  place  a  prism  with  the  base  directed 
exactly  upwards  or  downwards  in  front  of  one  eye,  and  note 
whether  there  is  (1.)  any  lateral  displacement  of  the  resulting 
double  image  in  addition  to  the  A^ertical  displacement  produced 
by  the  prism ;  and  (2.)  whether  the  lateral  displacement  in- 
creases or  diminishes  to  either  side.  A  more  delicate  test  of  the 
same  nature  can  be  made  by  using  the  Maddox  rod  instead  of  a 
prism.  A  lateral  displacement  which  did  not  alter  in  extent  to 
either  side  would,  of  course,  not  indicate  a  paresis  of  any  parti- 
cular muscle,  but  merely  the  position  assumed  by  the  eyes  for 
fixation  at  the  distance  at  which  the  test  was  made  when 
deprived  of  the  regulating  influence  of  fusion. 

Of  the  three  nerves  which  supply  the  muscles  of  the  eye, 
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the  third  and  sixth  are  more  frequently  paralysed  than  the 
fourth.  If  we  consider  the  relative  frequency  of  the  occurrence 
of  paralysis  or  paresis  of  isolated  muscles,  we  find  that  that  of 
the  external  rectus  is  by  far  the  most  frequent,  while  that  of 
the  inferior  oblique  is  so  rare  that  only  a  few  cases  have  been 
recorded  altogether.  The  superior  oblique  is  also  frequently 
paralysed,  while  isolated  paralysis  of  the  superior,  inferior, 
and  internal  recti  are  amongst  the  uncommon  affections  of 
the  eye. 

Besides  the  isolated  paralysis  of  the  nerves  which  supply  the 
muscles  of  the  eye,  or  of  the  twigs  supplying  special  muscles, 
we  meet  with  all  possible  varieties  of  more  complicated  paralysis 
in  one  or  both  eyes,  the  diagnosis  of  which  can  be  generally 
readily  enough  made  from  a  consideration  of  the  double  images. 
An  interesting  form  of  complicated  paralysis  is  the  paralysis  of 
associated  movements.  Thus  we  sometimes  meet  with  more  or 
less  complete  paralysis  of  convergence  in  cases  where  the  two 
internal  recti  are  nevertheless  capable  of  acting  in  association 
with  the  externi.  A  considerable  number  of  such  cases  have 
come  under  my  own  observation.  On  the  other  hand,  a  nwre 
or  less  complete  loss  of  the  power  of  moving  both  eyes  to  the 
right  or  left  sometimes  occurs  when  the  convergent  movements 
remain  intact.  Similar  defects  in  associated  movements  in 
other  directions  are  also  met  with,  though  less  frequently. 
Occasionally  there  is  paralysis  of  the  same  muscle  or  muscles 
on  both  sides.  I  have  most  frequently  seen  paralysis  of  both 
externi,  hut  I  have  also  met  with  paralysis  of  both  interai,  and 
of  the  two  inferior  recti  alone.  The  latter  condition  is  diagnosed 
from  pai-alysis  of  associated  movement  downwards  by  the 
existence  of  diplopia  in  the  secondary  positions.  Paralysis  of  all 
the  external  muscles  of  both  eyes — what  has  been  called  by 
Hutchinson  ophthalmoplegia  externa — occurs  either  as  one  of  the 
manifestations  of  gross  cerebral  disease,  or — and  then  generally, 
so  far  as  my  experience  goes,  without  any  complication,  owing 
to  disease  of  the  nuclei  of  third,  fourth,  and  sixth  nerves— 
sometimes  the  two  third  nerves  alone  are  paralysed. 

Paralysis  of  the  External  Pectus,  or  Sixth  Nerve.— 
"When  this  condition  exists  the  power  of  abduction  is  more  or  less 
completely  lost.  If  there  has  previously  been  binocidar  vision, 
and  the  paralysis  is  recent,  there  is  homonymous  diplopia,  which 
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almost  invariably  extends  more  or  less  over  to  the  side  of  the 
sound  eye.  The  double  images  increase  in  distance  apart  the 
further  the  object  is  carried  to  the  side  of  the  affected  eye.  For 
equal  lateral  distances  from  the  middle  line,  the  double  images 
are  generally  further  apart  for  fixation  below  the  horizontal 
plane  through  the  eyes  than  for  fixation  above  that  plane.  The 
reason  of  this  is  that  divergence  in  the  interest  of  fusion  with 
the  eyes  lowered  is  more  difficult,  because  rarely  required,  than 
with  the  eyes  raised.  At  the  same  time  the  false  image  in  the 
secondary  positions  is  often  slightly  inclined  from  the  true  one 
above,  and  towards  it  below.    This  arises  from  the  absence  of 
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Fig.  170. — Position  of  double  image  in  paralysis  of  right  external  rectus. 

torsion  caused  by  the  want  of  participation  of  the  outward 
movement  with  the  vertical  movements  of  the  eye. 

Fig.  170  gives  schematically  the  positions  of  the  double  images. 
Paralysis  of  the  right  external  rectus  is  more  distressing  than 
paralysis  of  the  left,  owing  to  its  interfering  more  with  reading. 
Frequently  the  patient  keeps  his  head  rotated  to  the  side  of  the 
paralysed  muscle,  and  fixes  objects  straight  in  front  of  him  with 
his  eyes  turned  to  the  other  side.  In  this  way  he  effects  a  more 
useful  disposal  of  the  area  of  single  vision.  The  lesion  pro- 
ducing paralysis  of  the  sixth  may  be  central  or  peripheral,  and 
the  causes  various. 
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Paealysis  of  the  Superioh  Oblique  Muscle,  or  Fouktii 
Nerve. — In  this  paralysis  there  is  more  or  less  restriction  in  the 
XDower  of  moving  the  eye  downwards,  most  marked  when  the  eye 
is  directed  inwards.  The  diplopia  exists  only  in  the  lower  half 
of  the  field  of  fixation,  unless  the  preponderance  of  the  inferior 
oblique  or  superior  rectus,  or  both,  is  asserted,  as  is  often  the 
case.  The  diplopia  is  homonymous,  vertical,  and  torsional.  The 
greatest  vertical  displacement  occurs  for  fixation  downwards 
and  inwards;  the  greatest  torsional  displacement  for  fixation 
downwards  and  outwards ;  the  images  slope  towards  each  other. 
Sometimes  the  homonymous  character  of  the  diplopia  is  not 


Pig.  171. — Position  of  double  image  in  paralysis  of  right  superior  oblique. 


marked,  or  the  images  may  even  be  crossed  and  sloping  from 
each  other.  The  explanation  of  this  has  already  been  given 
(see  page  602).  AVlien  there  is  preponderance  of  contraction  of 
the  inferior  oblique,  there  is  crossed  diplopia  in  the  upper  half 
of  the  field  of  vision;  when  of  the  superior  rectus,  homony- 
mous diplopia. 

Fig.  171  gives  schematically  the  arrangement  of  the  double 
images  in  the  primary  and  secondary  positions.  (Compare  with 
chart  for  inferior  rectus.)  Paralysis  of  the  superior  oblique 
causes  difficulty  in  moving  about,  especially  in  going  down 
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stairs.  The  patient  generally  holds  his  head  downwards,  and 
towards  the  sound  eye,  and  thus  effects  a  more  useful  disposal  of 
the  area  of  single  vision.  The  lesion  in  paralysis  of  the  fourth 
nerve  is  either  peripheral  or  central,  and  the  causes  various. 

Paralysis  of  the  Inferior  Eectus. — Movement  of  the  eye 
downwards  is  more  or  less  restricted,  mostly  when  turned  out- 
wards. The  diplopia  exists  only  for  the  lower  part  of  the  field 
of  fixation,  except  when  there  is  a  manifest  preponderance  of 
the  superior  rectus,  or  inferior  oblique,  or  both,  and  is  crossed, 
vertical,  and  torsional.  The  greatest  vertical  displacement  is 
found  for  fixation  downwards  and  outwards,  the  greatest  tor- 
sional displacement  for  fixation  downwards  and  inwards,  and 
the  double  images  slope  towards  each  other.  Occasionally  the 
diplopia  instead  of  being  crossed  is  homonymous,  and  the 
images  slope  away  from  each  other.    When  there  is  so-called 


Fig.  172. — Paralysis  of  right  inferior  reotus. — Diplopia  in  lower 
portion  of  field. 


secondary  contraction  the  diplopia '  is  less  crossed,  or  even 
homonymous,  if  the  superior  rectus  be  contracted;  markedly 
crossed  if  the  contraction  be  mostly  in  the  inferior  oblique. 
Fig.  172  gives  schematically  the  relative  x^ositions  of  the  double 
image  in  the  lower  part  of  the  field  of  fixation.  (Compare 
with  those  of  superior  oblique.)  The  inferior  rectus  is  seldom 
paralysed  alone,  though  frequently  along  with  other  muscles 
supplied  by  the  third  nerve. 

Paralysis  of  the  Superior  Eectus.— Movements  of  the  eye 
upwards  are  more  or  less  restricted,  principally  when  it  is  turned 
outwards.  Attempts  to  move  the  eye  upwards  are  associated 
often  with  retraction  of  the  upper  lid,  giving  a  staring  appear- 
ance. The  diplopia  exists  only  for  the  upper  part  of  the  field 
of  fixation,  except  when  there  is  a  manifest  preponderance  of 
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the  inferior  rectus,  or  superior  oblique,  or  both,  and  is  crossed, 
vertical,  and  torsional.  The  greatest  vertical  separation  of  the 
images  occurs  for  fixation  upwards  and  outwards,  the  greatest 
torsional  displacement  for  fixation  upwards  and  inwards,  and  the 
images  slope  away  from  each  other.  When  the  eye  is  displaced 
in  the  direction  of  the  antagonistic  muscles,  the  diplopia,  which 


Fig.  173. — Paralysis  of  right  superior  rectus. — Diplopia  in  upper 
portion  of  the  field. 

extends  to  the  lower  part  of  the  field  of  fixation,  is  then  often 
homonymous.  Fig.  173  shows  the  relative  positions  of  the  double 
image  in  the  upper  part  of  the  field  of  fixation.  (Compare  with 
diagram  for  paralysis  of  inferior  oblique.)  The  superior  rectus 
is  seldom  paralysed  alone,  though  often  along  with  other  muscles 
supplied  by  the  third  nerve. 

Pakalysis  of  the  Inferioe  Oblique. — Movements  of  the 


i 

1 

Fig.  174. — Paralysis  of  right  inferior  oblique. — Diplopia  in  upper 
portion  of  field. 

eye  upwards  are  restricted,  especially  when  it  is  at  the  same  time 
adducted.  Diplopia,  unless  there  be  a  manifest  preponderance 
of  one  of  the  muscles  which  rotate  the  eye  downwards,  only 
exists  for  the  upper  portion  of  the  field  of  fixation,  and  is 
homonymous,  vertical,  and  torsional.  The  greatest  diflference  in 
height  of  the  double  images  is  seen  for  attempts  at  fixation 
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upwards  and  inwards,  the  greatest  torsion  for  fixation  upwards 
and  outwards,  and  tlie  images  slope  away  from  each  other. 
Fig.  174  shows  the  position  of  the  double  images  in  the  upper 
portion  of  the  field  of  fixation.  (Compare  with  those  caused  by 
paralysis  of  superior  rectus.)  The  inferior  oblique  is  almost 
never  paralysed  alone,  though  often  along  with  other  muscles 
supplied  by  the  third  nerve.  Occasionally  a  paralysis  of  this 
muscle  has  been  met  with,  owing  to  the  accidental  detach- 
ment of  its  origin  caused  by  wounds  about  the  inner  angle  of 
the  orbit. 

Paralysis  of  the  Internal  Eectus. — There  is  more  or  less 
restriction  of  the  inward  movement  of  the  eye.  Diplopia,  owing 
to  manifest  preponderance  of  the  externus,  stretches  more  or 
less  over  to  the  side  of  the  field  opposite  to  that  of  the  affected 
eye.  The  diplopia  is  crossed,  and  the  double  images  increase  in 
distance  apart  as  the  object  fixed  is  carried  to  the  side  of  the 
affected  eye.  In  the  secondary  positions  there  is  slight  sloping 
of  the  false  image  as  well.  Paralysis  of  the  internal  rectus  is 
one  of  the  rarest  forms  of  isolated  paralysis,  though  it  is  often 
the  muscle  most  completely,  weakened  when  the  third  nerve  as 
a  whole  is  paralysed. 

Paralysis  of  the  Third  Nerve. — There  is  more  or  less 
drooping  of  the  upper  lid,  mydriasis  and  defective  accommoda- 
tion. Movements  of  the  eye  inwards,  upwards,  and  downwards 
are  more  or  less  completely  abolished.  The  amount  of  possible 
downward  movement  is  not  only  dependent  on  the  degree  of 
paralysis  of  inferior  rectus,  but  also  on  that  of  the  internus  as 
well.  The  more  imperfect  the  adduction  the  less  does  the  action 
of  the  superior  oblique  in  turning  the  eye  downwards  come  into 
play.  Diplopia  exists  all  over  the  field  of  fixation,  the  false 
image  lies  below  the  true,  and  is  sloped  outwards  both  for 
fixation  outwards  and  inwards.  Paralysis  of  the  third  nerve 
is  very  common,  and  is  often  incomplete,  occasionally  one, 
though  more  frequently  two  or  more,  of  the  muscles  being  alone 
affected,  or  more  markedly  affected,  than  the  others.  The  lesion 
may  be  central  or  peripheral,  and  the  causes  various.  When 
there  is  complete  paralysis  of  the  internus,  it  is  not  always  quite 
easy  to  be  sure  of  the  action  of  the  superior  obHque,  which  is 
sometimes  paralysed  at  the  same  time. 

If,  however,  there  be  any  appreciable  torsion  of  the  eve 
39  ^ 
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inwards  when  the  attempt  is  made  to  look  down,  we  may  be 
pretty  sure  that  the  fourth  nerve  is  not  paralysed. 

The.  lesions  giving  rise  to  ocular  paralysis  may  be  periplieral 
or  central.  Peripheral  lesions  may  be  situated  within  the  orbit 
or  affect  the  nerves  in  some  part  of  their  course  within  the 
cranial  cavity.  Central  lesions,  again,  may  be  situated  at  the 
base  of  the  brain,  and  directly  or  indirectly  involve  the  nuclei 
of  the  third,  fourth,  and  sixth  nerves,  which  all  lie  within  a 
space  of  about  1  inch  long  by  f  inch  broad,  at  the  base  of  the 
fourth  ventrical  and  aqueduct  of  Sylvius.  Again,  they  may  be 
situated  in  some  parts  of  the  brain  above  the  nuclei,  and  involve 
fibres  passing  to  them. 

It  is  by  no  means  always  easy  to  differentiate  in  any  par- 
ticular case  between  a  central  and  a  peripheral  lesion.  The 
points  to  be  considered  in  attempting  a  diagnosis  of  this  nature 
are — (1.)  the  completeness  of  the  paralysis,  and  (2.)  the  existence 
and  nature  of  complications.  An  isolated  and  complete,  or 
nearly  complete,  paralysis  of  the  fourth  or  sixth  nerve  is  almost 
certainly  of  peripheral  origin;  often,  indeed,  the  cause  lies  in 
the  orbit,  but  the  existence  of  other  symptoms,  pointing  to 
changes  at  the  base  of  the  brain  would  be  strongly  suggestive 
of  its  being  intracranial.  Paralysis  of  the  third  nerve  presents 
greater  difficulties,  though  in  the  main  the  more  complete  it  is, 
if  isolated,  the  more  likely  it  is  to  be  of  peripheral  origin.  If 
associated  with  paralysis  of  the  fourth  and  sixth  of  the  same 
side,  or  of  the  opposite  third,  but  unaccompanied  by  any  other 
symptoms,  the  cause  is  almost  certainly  nuclear.  In  cases 
where  paralysis  of  the  fourth  nerve  on  one  side,  and  the  sixth 
on  the  other,  constitutes  either  the  sole  or  the  main  symptom, 
there  is  great  probability  of  the  lesion  being  situated  centrally 
with  respect  to  the  nuclei  and  to  the  side  of  the  paralysed  sixth, 
as  the  fibres  of  the  fourth  decussate,  while  those  of  the  sixth  do 
not.  In  every  case  the  most  important  positive  or  negative 
information  is  to  be  got  by  ascertaining  the  condition  of  func- 
tional activity  of  the  facial,  sympathetic,  and  fifth  nerves. 

Of  course  in  many  cases  of  severe  intracranial  disease  or 
injury  the  ocular  paralyses  are  of  subordinate  importance  to 
the  other  symptoms,  and  consequently  the  diagnosis  of  less 
significance. 
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To  complete  the  diagnosis  in  any  case,  we  should  not  only 
be  able  to  fix  on  the  site  but  also  on  the  nature  of  the  lesion, 
i.e.,  whether  the  interruption  in  the  function  of  the  nerve  is 
the  result  of  neuritis,  atrophy,  pressure  from  haemorrhage,  or  a 
tumour,  or  is  more  indirectly  due  to  interference  with  its  blood 
supply.  It  is  only  rarely  that  a  complete  diagnosis  of  this 
nature  can  be  made.  Syphilis  is  the  cause  of  many  cases,  and 
the  syphilitic  lesion  may  be  of  every  possible  nature,  and  situated 
either  centrally  or  peripherally,  the  latter  being  much  the  more 
common.  There  is  a  great  tendency  to  recurrence  in  syphilitic 
cases,  and  the  different  attacks  do  not  always  involve  the  same 
nerves.  Oculo-motor  paralyses  are  also  met  with  in  locomotor 
ataxia  and  other  degenerative  spinal  and  basal  affections. 

Eheumatic  paralysis,  or  that  due  to  cold,  is  common,  and 
possibly  always  peripheral,  although  I  am  not  aware  that  any 
opportunities  have  occurred  for  studying  their  nature,  as  they 
are  usually  recovered  from.  Other  less  common  causes  are  acute 
fevers  and  poisonings  of  the  nerve  centres,  amongst  which  may 
be  mentioned  diphtheria,  which,  though  frequently  followed  by 
paralysis  of  accommodation,  seldom  gives  rise  to  oculo-motor 
paralysis.  Occasionally  we  meet  with  congenital  paralysis,  the 
most  common  being  ptosis  and  paralysis  of  one  or  both  sixth 
nerves. 

Many  of  these  cases  are  no  doubt  due  to  congenital  muscular 
defects,  and  are  not  true  paralyses  at  all.  Our  knowledge  on 
this  subject  is,  so  far,  very  defective. 

The  treatment  of  ocular  paralysis  should  be  general  and  local. 
When  the  primary  cause  of  the  paralysis,  be  it  rheumatism, 
syphilis,  or  changes  in  the  nervous  system,  or  due  to  diphtheria 
or  any  other  form  of  poisoning,  is  apparent,  or  when  there  exist 
sufficient  grounds  for  suspecting  any  definite  cause,  the  treat- 
ment found  to  be  most  efficacious  in  the  particular  affection 
should  be  at  once  adopted. 

Local  treatment  may  be  instituted  on  three  lines  : — (1.) 
Passive  movements  of  the  eye  in  the  direction  of  the  action  of 
the  weakened  muscle  :  (2.)  Attempts  to  induce  active  movements 
of  the  weakened  muscle  :  (3.)  Operations  calculated  to  bring 
about  a  more  advantageous  relative  position  of  the  paralysed 
muscle  and  its  antagonist.  Passive  movements  of  the  eye  are 
made  by  seizing  the  conjunctiva  with  the  fixation  forceps  and 
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rotating  the  eye  forcibly  several  times  in  succession,  and  once 
or  twice  daily  in  the  direction  of  the  action  of  the  weakened 
muscle.  This  can  be  done  without  causing  any  pain  by  the  use 
of  cocaine.  Attempts  to  induce  active  movement  of  the  weakened 
muscle  may  be  made  in  many  ways.  The  simplest  method  is  to 
cause  the  patient  to  fix  binocular ly  some  definite  object,  such 
as  a  printed  word,  and  to  carry  this  object  gradually  further  and 
further  in  the  direction  of  the  area  of  double  vision,  whilst  he  is 
all  the  time  making  an  effort  to  fuse  the  images  of  the  two  eyes 
which  tend  more  and  more  to  separate.  The  tendency  to  fusion 
is  sometimes  so  strong  in  cases  where  the  internal  rectus  is 
paretic,  that  the  strain  which  maintaining  binocular  vision 
entails  is  not  only  the  cause  of  considerable  discomfort,  and 
even  pain,  but  may  not  improbably  tend  to  retard  the  complete 
recovery.  In  such  cases  the  patient  may  obtain  great  relief  by 
the  use  of  prisms  of  3°  or  4°,  with  their  bases  inwards  in  front 
of  each  eye.  By  this  treatment  the  efforts  to  fusion  are  sup- 
ported and  the  strain  lessened. 

Electrical  stimulation  of  the  weakened  miiscle,  either  by  the 
constant  or  induced  current,  is  recommended  by  many,  and  is 
occasionally  of  use.  One  pole  is  brought  in  contact  with  the 
forehead,  and  the  other  with  the  closed  lid  over  the  affected 
muscle.  There  is  a  great  tendency  for  the  paralysis  of  ocular 
muscles  to  disappear  more  or  less  suddenly,  and  after  having 
existed  for  a  longer  or  shorter  period.  Some  cases,  indeed,  only 
last  a  few  days.  They  are  consequently  well  suited  to  confirm 
the  faith  which  many  place  in  electro-therapeutics,  which  in 
point  of  fact  is  about  as  successful  in  the  case  of  ocular  as  in 
other  paralyses. 

Operative  interference  should  not  be  thought  of  imtil 
the  condition  has  remained  unaltered  for  a  sufficiently  long 
period  to  render  impossible  any  improvement  by  other  means. 
Treatment  by  operation  is  only  suitable  in  a  small  propor- 
tion of  cases  of  paralysis  of  oculo-motor  muscles.  Interference 
of  this  nature  should  in  the  first  place  be  deferred  until  a  full 
year  has  passed  since  the  onset  of  the  paralysis.  The  advisability 
of  operating  will  then  depend  upon  whether  the  affection  of 
innervation  of  the  ocular  muscle  is  the  main  or  only  symptom 
present,  or  whether  it  constitutes  merely  one  symptom  among 
many  others  indicative  of  serious  cerebral  disease.     In  the 
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latter  case  nothing  should  be  done ;  in  the  former,  if  one  muscle 
alone  be  weakened,  or  if  the  paresis  be  only  marked  in  the  case 
of  one  muscle,  it  is  sometimes  possible  to  improve  matters  more 
or  less  considerably. 

As  isolated  paralyses  of  the  muscles  supplied  by  the  third 
nerve  are  of  comparatively  rare  occurrence,  it  follows  that  the 
cases  which  offer  a  chance  of  improvement  by  operation  are  per- 
sistent cases  of  paralytic  weakening  of  the  external  rectus  and 
of  the  superior  oblique.  Cases  of  paresis  of  the  external  rectus  of 
one  eye  are  not  only  amongst  the  most  frequent,  but  fortunately 
at  the  same  time  those  for  which  most  can  be  done  by  operation. 
In  such  cases  the  operative  effect  can  be  regulated  with  greater 
nicety,  as,  just  as  for  concomitant  convergent  strabismus,  the 
improvement  in  the  relative  position  of  the  eyes  can  be 
produced  by  the  combination  of  tenotomy  of  one  or  both 
internal  recti,  with  the  advancement  of  one  or  both  external 
recti,  according  to  the  degree  of  the  defect  to  be  rectified,  while 
there  is  besides  a  greater  natural  tendency,  as  has  already  been 
explained,  to  the  fusion  of  the  double  images  which  frequently 
heightens  the  effect  of  a  suitable  operation. 

The  cases  for  which  operations  may  be  performed  present 
considerable  differences  with  respect  to  the  completeness  of  the 
remaining  paralysis  as  well  as  the  degree  of  manifest  preponder- 
ance in  the  action  of  the  internal  rectus  or  antagonist  muscle ;  the 
extent  of  the  tendency  to  fusion  must  also  be  taken  into  considera- 
tion in  the  selection  of  what  operation  or  operations  should  be 
performed  in  any  given  case.  The  main  object  of  any  operation 
is  to  displace  the  area  over  which  double  vision  exists  as  much  as 
possible  to  the  side  of  action  of  the  paralysed  muscle.  In  all 
cases,  therefore,  in  which  some  power  has  been  retained  by  or 
restored  to  the  external  rectus,  it  will  generally  be  possible  to 
effect  this  to  an  extent  which  is  practically  sufficient,  by  correct- 
ing the  degree  of  convergent  squint  which  exists  for  the  fixation 
of  objects  in  the  middle  line ;  while  the  improvement  thus 
obtained  will  be  more  complete,  the  greater  is  the  degree  of  such 
remaining  power  and  the  greater  the  desire  for  fusion.  What 
in  most  cases  should  first  be  done  is  tenotomy  of  the  internus 
of  the  other  eye.  If  this  is  not  sufficient,  it  may  be  followed, 
either  at  the  same  time  or  afterwards,  by  advancement  of  the 
paretic  muscle  and  tenotomy  of  its  antagonist.   The  worst  cases 
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may  reqviire  in  addition  advancement  of  the  external  rectus  of 
the  sound  side. 

Cases  of  persistent  paresis  of  the  superior  oblique  do  not  lend 
themselves  to  such  complete  readjustment,  as  it  is  impossible 
either  properly  to  advance  the  paretic  muscle  or  to  weaken  the 
mechanism  of  rotation  which  is  antagonistic  to  that  produced  by 
the  superior  oblique,  as  that  could  only  be  effected  by  tenotomy 
of  both  the  inferior  rectus  aiad  the  inferior  oblique,  the  latter 
of  which  cannot  be  satisfactorily  done.  Nevertheless,  by  teno- 
tomy of  the  inferior  rectus  of  the  other  eye,  a  very  considerable 
displacement  of  the  area  of  diplopia  can  be  obtained  in  suitable 
cases,  as  was  first  pointed  out  by  Alfred  Graefe. 

Spasms  of  Ocular  Muscles. 

Spasmodic  contractions  of  single  oculo-motor  muscles  are 
not  only  of  extremely  rare  occurrence,  but  are,  owing  to  their 
inconstancy,  very  difficult  to  diagnose.  A  much  more  common 
occurrence  is  a  spasm  of  associated  movement.  Thus,  in  conse- 
quence of  cerebral  irritation,  to  account  for  which  there  may  or 
may  not  be  some  definite  lesion,  and  which  may  be  variously 
localised,  a  forcible  deviation  of  the  eyes  takes  place  in  some 
particular  direction  to  either  side,  or  upwards  or  downwards,  or 
it  may  be  a  spasm  of  the  convergent  movement  of  the  two  eyes. 
At  other  times  one  meets,  and  mostly,  in  my  experience,  in  cases 
of  severe  cerebral  disease,  with  what  has  been  called  by  Alfred 
Graefe  a  disjunction  of  the  co-ordinated  movements  of  the  eyes, 
in  which  the  movements  of  the  eyes  appear  to  be  greatly  or 
entirely  independent  of  each  other,  and  to  be  at  the  same  time 
deprived  of  volitional  control. 

ISTo  general  lines  can  be  laid  down  for  the  treatment  of  such 
cases  of  associated  or  dissociated  involuntary  movements.  Each 
case  has  to  be  considered  for  itself,  but  the  important  point  to 
remember  is  that  they  are  by  no  means  invariably  indicative  of 
serious  cerebral  disorder. 

Concomitant  Strabismus. 

In  the  normal  state  of  the  eyes,  when  any  object  is  looked 
at,  the  visual  axes  of  both  eyes  are  directed  simultaneously  on 
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the  same  point  of  the  object.  There  is,  therefore,  simultaneous 
fixation  with  both  eyes.  When  only  one  eye  is  directed  towards, 
or  fixes  the  object  engaging  attention,  while  the  line  of  vision  of 
the  other  crosses  that  of  the  fixing  eye,  either  in  front  of  or 
behind,  or  above  or  below  it,  there  is  said  to  be  squinting  or 
strabismus.  In  the  scientific  acceptation  of  the  term  there  can 
only  be  strabismus  of  one  eye  at  a  time,  as  it  is  clear  that  one 
eye  must  always,  when  it  is  possible  at  all,  be  directed  on  the 
object  looked  at. 

Bilateral  deviations  and  conditions  of  vision  which  render 
this  impossible  do  not  come  under  the  category  of  squints. 

According  to  the  direction  assumed  by  the  axis  of  the  deviat- 
ing eye  we  have  to  distinguish  between  strabismus  convergens 
and  divergens,  and  strabismus  sursum  vergens  and  deorsum 
vergens.  The  vertical  deviations,  upwards  and  downwards, 
though  often  combined  with  lateral  deviations,  are  rare  alone, 
and  are  consequently  of  less  practical  importance.  They  fre- 
quently remain  after  the  lateral  deviations  have  been  corrected 
by  operation.    Convergent  and  divergent  squints  are  common. 

When  there  is  for  no  distance  of  fixation,  either  near  or 
remote,  a  coincidence  of  the  axes  of  vision,  the  strabismus  is  said 
to  be  absolute.  When  both  eyes  are  properly  directed  on  fixing 
a  near  object,  but  one  axis  misdirected  when  a  distant  object  is 
looked  at,  or  when  the  misdirection  of  one  axis  takes  place  only 
on  fixation  of  a  near,  but  not  of  a  distant  object,  the  strabismus 
is  said  to  be  relative. 

The  strabismus  may  be  constant  or  intermittent.  It  may 
always  be  confined  to  the  one  eye,  i.e.,  it  may  be  mono-lateral, 
or  it  may  be  alternating  when  objects  to  the  one  side  are  fixed 
by  the  one  eye,  and  to  the  other  side  by  the  other  eye.  It  may 
or  may  not  be  associated  with  diplopia. 

As  we  have  already  seen,  besides  manifest  strabismus,  similar 
deviations  are  found  to  occur  when  one  eye  is  occluded.  There 
is  then  said  to  be  a  latent  strabismus.  The  consideration  of 
latent  forms  of  strabismus  is  of  importance,  as  they  may  under 
certain  circumstances  become  manifest,  or  they  may — though 
by  no  means  so  frequently  as  was  at  one  time  supposed — give 
rise  to  pain  or  discomfort,  to  that  form  of  asthenopia  which  is 
called  muscular  asthenopia. 

Mere  inspection  is  not  always  sufficient  to  enable  us  to  diag- 
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nose  a  squint,  as  on  the  one  hand  there  may  be  a  slight  deviation 
without  its  being  apparent,  and  on  the  other  hand  there  may 
appear  to  be  a  deviation  when  in  reality  both  eyes  are  properly 
directed.  This  may  occur  either  when  the  eyes  are  not  fixing 
the  object  which  it  is  supposed  the/  are  fixing,  or  when  the 
angle  between  the  optic  and  visual  axes  is  considerably  larger 
or  smaller  than  usual.  Thus  in  hypermetropia  an  apparent 
divergence  is  due  to  an  abnormal  size  of  this  angle,  whilst 
in  some  myopes  a  negative  value  of  the  same  angle  gives  rise 
to  an  apparent  convergence  which  is  sometimes  extremely 
marked.  It  is  necessary,  therefore,  in  some  cases  at  any  rate,  to 
adopt  the  following  method  of  testing  whether  there  is  or  is  not 
any  squint.  The  patient  is  made  to  fix  some  distant  object ; 
whilst  he  is  doing  so  the  observer  covers  one  eye,  and  notices 
whether  the  one  which  remains  uncovered  makes  any  movement 
in  any  direction.  The  patient  is  then  again  made  to  fix  the 
same  object,  and  his  other  eye  is  in  the  same  manner  occluded 
by  the  observer's  hand,  and  any  movement  of  the  imcovered  eye 
looked  for.  A  similar  test  is  then  made  for  the  fixation  of  a 
near  object — at  10"  from  the  eye.  If  the  one  eye  has  been  mis- 
directed while  both  were  open,  and  if  it  at  the  same  time  is  in 
possession  of  sufficient  visual  acuity  for  central  fixation,  it  will 
take  up  the  fixation  of  the  object  looked  at  as  soon  as  the  fixing 
eye  is  occluded  from  vision.  In  order  to  do  so  it  will  have  to 
make  a  movement  in  a  direction  exactly  opposite  to  that  in 
which  it  previously  deviated,  so  that  a  movement  outwards  of 
the  other  eye,  on  occlusion  of  the  fixing  one,  is  a  proof  of  the 
existence  of  manifest  convergent  strabismus,  a  movement  in- 
wards, of  manifest  divergent  strabismus.  If  the  movements  just 
described  take  place  both  for  fixation  of  near  and  distant  objects 
the  manifest  strabismus  is  diagnosed  as  absolute,  if  only  for  one 
or  other,  as  relative. 

Care  must  be  taken  that  the  occludiria;  hand  be  not  trans- 
ferred  too  quickly  from  the  one  eye  to  the  other,  which  would 
cause  a  difficulty  in  distinguishing  which  was  the  squinting  eye. 
Time  must  be  allowed  for  the  fixation  to  take  place  in  the  way 
in  which  it  is  ordinarily  effected.  If  the  conditions  of  fixation 
be  the  same  for  both  eyes,  the  squint  is  almost  invariably  trans- 
ferred from  the  one  eye  to  the  other,  i.e.,  the  occluded  eye, 
whether  it  be  the  one  usually  employed  in  fixation  or  not,  is  mis- 
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directed.  This  can  generally  easily  be  seen  by  observing  the 
position  which  it  assumes  behind  the  occluding  hand.  The  fact 
is,  that  although  the  defect  is  one  rendering  the  position  of  the 
two  eyes  eitlier  too  convergent  or  too  divergent  relatively 
to  the  distance  of  the  object  looked  at,  it  necessarily  only 
becomes  apparent  on  the  one,  as  the  other  has  to^maintain  a 
proper  direction. 

A  truly  alternating  squint  presents  the  following  character- 
istics. If  either  eye,  by  first  covering  the  other  with  the  hand, 
be  caused  to  fix  an  object  in  the  middle  line,  i.e.,  straight 
out  from  the  nose,  it  subsequently  remains  for  an  indefinite 
period,  after  removing  the  occluding  hand,  in  the  position  of 
fixation.  It  is  evident  that  it  is  immaterial  to  the  individual 
which  eye  he  makes  use  of  for  fixation  in  this  position.  Again, 
on  moving  the  object  of  fixation  to  the  right,  it  is  iixed  by  the 
left  eye,  whilst  the  right  eye  fixes  it  when  situated  to  the  left 
of  the  middle  line.  Both  eyes  have  equal,  or  very  nearly  equal 
vision,  and  are  often  emmetropic. 

The  ordinary  squint  differs  from  the  paralytic  squint  in  this 
respect,  that  whereas  in  the  latter  the  extent  of  the  deviation 
increases  in  certain  directions,  it  remains  in  the  former  the 
same  for  all  directions.  For  this  reason  it  is  often  called  con- 
comitant. The  degree  of  concomitance,  too,  as  measured  by 
accurate  tests  is  found  to  be  astonishingly  complete.  Another 
difference  between  the  two  forms  lies  in  what  is  called  the 
secondary  deviation.  Whereas,  as  we  have  seen  (page  601),  the 
secondary  deviation  in  the  c^se  of  paralysis,  or  that  deviation 
which  takes  place  when  the  affected  eye  instead  of  the  sound  one 
is  used  for  fixation,  is  greater  than  the  primary  deviation,  the 
deviation  in  concomitant  strabismus  is  the  same  when  either  eye 
fixes.  In  concomitant  squint,  as  well  as  paralytic,  there  is  often 
less  convergence  when  the  eyes  are  directed  upwards,  and  more 
when  they  are  directed  downwards,  than  when  fixation  takes 
place  for  objects  in  the  horizontal  plane  through  the  eyes. 

In  most  cases  of  concomitant  squint  there  is  a  distinct, 
though  rarely  considerable  diminution  in  the  extent  to  which 
the  eye  can  be  abducted  if  the  squint  be  a  convergent  one,  or 
adducted  if  it  be  divergent.  At  the  same  time  there  is  usually 
a  corresponding  increase  in  the  power  of  movement  in  the 
opposite  direction.    This  restriction  in  the  extent  of  lateral 
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movement  does  not,  however,  correspond  in  amount  to  anything 
like  the  degree  of  squint.  This  fact  is  of  importance  in  connec- 
tion with  the  views  which  are  by  some  entertained  as  to  the 
etiology  of  strabismus. 

One  of  the  most  frequent  conditions  met  with  in  strabismus, 
the  signification  of  which  is  discussed  further  on,  is  a  greater  or 
less  degree  of  amblyopia  of  the  squinting  eye. 

Convergent  Concomitant  Steabismus  usually  begins  be- 
tween the  ages  of  one  and  four,  though  sometimes  earlier,  and 
not  infrequently  later.  In  a  very  large  percentage  of  cases  there 
is  hypermetropia  of  one  dioptre  or  more.  There  is  usually  no 
diplopia,  though  the  existence  or  not  of  diplopia  depends  greatly 
on  the  age  at  which  the  squint  first  begins,  and  the  degree  of 
amblyopia  of  the  squinting  eye.  In  truly  alternating  convergent 
strabismus  there  is,  however,  no  diplopia,  although  both  eyes 
have  generally  nearly,  if  not  equally,  good  vision.  Sometimes 
the  squint  begins  by  being  periodic  and  relative,  i.e.,  it  occurs 
occasionally,  and  only  when  the  child  directs  its  attention  on 
near  objects.  The  periodic  character  of  the  squint  may  persist, 
or  may  sooner  or  later  give  place  to  a  constant  relative  or 
absolute  deviation. 

A  periodic  squint  sometimes  recurs  with  remarkable 
regularity  every  other  day,  or  at  certain  times  every  day,  and 
when  this  is  the  case,  the  patient  is  more  or  less  conscious  of 
diplopia. 

In  cases  where  convergent  squint  is  associated  with  myopia 
there  is  almost  invariably  diplopia.  This  is  because  it  then 
begins  later — seldom  before,  and  generally  considerably  after,  the 
tenth  year.  There  has  therefore  previously  been  true  binocular 
vision.  For  a  long  time,  at  least,  it  remains  relative,  existing 
only  for  a  distance,  there  being  proper  binocular  fixation  for 
near  objects.  This  is  another  reason  why  the  patient  continues 
to  be  conscious  of  the  diplopia  produced.  Binocular  fixation, 
besides  being  in  many  cases  more  valuable  for  objects  lying  near 
the  eyes,  is  specially  so  in  the  case  of  myopia  where  distant 
objects  are  indistinct.  Hence  it  is  that  the  abnormal  tendency 
to  convergence  existing  in  some  cases  of  myopia  is  for  long 
overcome  during  the  fixation  of  near  objects,  remaining  latent 
within  a  certain  distance,  though  manifesting  itself  as  a  con- 
vergent strabismus  on  the  fixation  of  any  object  beyond  that 
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distance.  But  the  distance  for  which  binocular  vision  is  pos- 
sible has  a  tendency,  too,  to  become  gradually  less.  Even, 
however,  when  in  the  course  of  time,  owing  to  the  gradual 
shortening  of  this  distance,  the  relative  has  eventually  become 
converted  into  an  absolute  convergent  strabismus,  the  diplopia 
usually  still  remains. 

The  degree  of  faulty  convergence  varies  greatly  in  different 
cases  from  an  amount  which  is  inappreciable,  and  can  only  be 
detected  by  a  proper  examination,  to  an  extent  in  which  the 
cornea  is  almost  entirely  buried  behind  the  inner  canthus. 
However  excessive  the  squint  is,  there  probably  always  remains 
some  possibility  of  further  adduction. 

It  is  of  importance  to  distinguish  two  elements  in  the  squint, 
viz. — (1.)  the  permanent  amount,  and  (2.)  the  acconfimodative 
addition.  The  permanent  amount  is  that  which  still  remains 
when  no  attempt  at  accommodation  is  made.  The  accommo- 
dative portion  is  a  varying  amount,  dependent  on  the  extent  of 
the  demand  for  accommodation.  It  is  the  degree  of  the  per- 
manent manifest  squint  alone  which  determines  the  extent  of 
operative  effect  required. 

Different  methods  may  be  employed  for  the  measurement  of  the 
extent  of  deviation.  One  of  the  simplest,  and  one  which  is  at  the 
same  time  sufficiently  accurate  for  practical  purposes,  is  the  linear 
measurement  with  the  strahometer.  This  instrument  is  applied  to 
the  surface  of  the  lower  lid  of  the  squinting  eye,  and  the  position  of 
the  millimetre  scale  noted,  which  is  cut  by  tlie  tangent  to  the  outer 
margin  of  the  cornea,  whilst  the  other  eye  is  fixing  a  distant  object. 
The  fixing  eye  is  then  covered,  and  the  new  position  cut  by  the  same 
tangent  on  the  scale,  whilst  the  squinting  eye  is  used  for  fixation  of 
the  same  distant  object,  is  next  observed.  The  distance  between  the 
two  points  thus  found  on  the  scale  gives  the  linear  deviation  in 
milHmetres.  Many  who  take  the  trouble  to  make  measurements  at 
all  prefer  to  estimate  the  amount  of  deviation  in  degrees.  This  is 
generally  done  by  causing  the  patient  to  fix  a  point  on  a  perimeter, 
and  to  observe  how  many  degrees  from  that  point  it  is  necessary  to 
carry  a  taper  or  candle,  so  that  its  reflected  image  shall  occupy  the 
centre  of  the  cornea  of  the  squinting  eye.  There  is,  I  believe,  no 
special  advantage  in  obtaining  an  angidar  value  for  the  amount  of 
squint,  although  it  is  claimed  that  in  this  way  measurements  are 
obtained  which  are  more  strictly  comparable  than  by  means  of  the 
linear  method,  owing  to  differences  iu  the  size  of  the  eye  not  being 
taken  into  account  in  the  strahometer  method. 

The  only  scientific  basis  of  measurement  is  that  of  the  metre 
angle,  as  by  such  measurement  wo  may  ascertain  in  how  far  the 
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associated  movements  of  convergence  and  accommodation  are  mutually- 
interdependent,  or  are  in  correspondence  with  the  normal  conditions. 

The  method  of  objective  strabismometry,  which  I  have  used  in  a 
very  large  number  of  cases,  with  the  object  principally  of  measuring 
the  effect  of  operations,  is  one  which  enables  one,  with  a  little  practice, 
to  attain  an  accurate  measurement  in  metre  angles  without  the 
expenditure  of  more  than  a  few  seconds'  time.  It  is  a  modification 
of  Priestley  Smitli's  so-called  "tape  method,"  and,  as  now  practised,  is 
mainly  due  to  Maddox.  The  metre  angle  scale  referred  to  at  p.  610 
is  made  to  serve  the  purpose  of  the  objective  as  well  as  the  subjective 
test.  The  method  of  using  it  for  the  former  is  thus  described  by 
Maddox: — "Place  the  patient  opposite  the  candle,  at  the  distance 
of  one  metre,  as  measured  by  a  string  of  that  length  permanently 
suspended  by  one  end  from  the  centre  of  the  scale.  Let  the 
observer's  head  be  placed  rather  lower  than,  and  in  the  same  vertical 
plane  as,  the  liue  between  the  flame  and  the  squinting  eye,  while  the 
patient's  attention  is  first  directed  to  the  candle  to  note  which  eye  is 
the  fixing  one,  or,  in  other  words,  to  note  on  which  eye  the  corneal 
image  of  the  flame  occupies  the  '  fixation  position,'  usually  a  little  to 
the  inner  side  of  the  centre  of  the  pupil.  The  amount  of  squint 
being  guessed  approximately,  the  patient  is  told  to  look  at  that  figure 
which  represents  the  guess,  then  at  one  or  another,  as  required,  till 
the  corneal  reflection  on  the  squinting  eye  occupies  the  same  position 
as  at  first  on  the  fixing  one."  In  this  way,  the  patient  reads  off  on  the 
scale  the  amount  of  his  squint  in  metre  angles  (or  degrees,  if  the  scale 
be  an  ordinary  tangent  one). 

The  ordinary  laws  of  the  transference  of  the  squint  from  the  one 
eye  to  the  other,  -when  the  fixing  eye  is  occluded,  and  ihe  equality  of 
the  primary  and  secondary  angles  by  which  a  concdmitant  squint 
differs  from  a  paralytic  squint,  are  not  altogether  without  excejitions. 
When,  for  instance,  there  is  a  difference  of  refraction  in  the  two  eyes, 
the  accommodation  required  when  one  eye  fixes  is  different  from  that 
Avhich  is  required  by  the  other  for  the  same  distance,  and  consequently 
the  same  association  between  accommodation  and  convergence  leads  to 
a  difference  in  the  relative  directions  of  the  two  axes  of  ^dsion,  accord- 
ing as  one  or  the  other  fixes.  A  very  common  instance  of  this  is  the 
case  where  one  eye  is  myopic,  while  the  other  is  emmetropic.  The 
emmetropic  eye  is  used  for  distant  fixation,  and  there  is  then,  it  may 
be,  no  squint.  For  near  vision  it  is  frequently,  on  the  other  hand,  tire 
myopic  eye  Avhich  is  used,  while  the  other  diverges.  If,  however,  the 
myopic  eye  be  occluded,  and  the  emmetropic  one  used  for  fixation, 
the  secondary  deviation  (behind  the  occluding  hand)  is  either  con- 
siderably less  or  absent  altogether.  Often  there  is  found  to  be  in 
such  cases  divergence  both  for  near  and  distant  vision,  the  myopic 
diverging  in  distant  fixation,  the  emmetropic  in  near.  Sometimes,  where 
the  one  eye  is  hypermetropic  and  the  other  myopic,  convergent  stra- 
bismus may  exist  for  distant,  and  divergent  for  near  fixation ;  and  in 
these  cases  there  is  not  only  not  the  ordinary  transference  of  squint  from 
one  eye  to  the  other,  but  there  is  instead  convergence  when  one  eye 
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is  occluded,  and  divergence  when  the  otlier  is  occhided.  We  must 
therefore,  in  any  case,  look  for  the  explanation  of  deviations  from  the 
typical  conditions  in  the  state  of  refraction  of  the  two  eyes. 

A  point  of  some  practical  importance,  as  well  as  of  great 
theoretical  interest,  is  the  nature  of  tlie  amblyopia  of  the  squint- 
ing eye.  Very  different  views  are  held  on  this  point.  By  some 
the  amblyopia  is  looked  upon  as  the  cause  of  the  squint;  by 
others  as  the  consequence.  Those  who  entertain  the  latter  view 
consider  the  defect  of  vision  to  result  from  disuse ;  hence  the 
name  amblyopia  ex  anopsia. 

The  amblyopia  of  the  squinting  eye — that  is,  the  amblyo2)ia  in 
cases  where  there  are  no  objective  appearances  to  account  for  it,  in 
which  alone  there  can  be  any  doubt  as  to  the  nature  of  the  connection 
— varies  within  tolerably  wide  limits.  We  may  distmguish  two  main 
forms  : — 1.  That  in  which  central  fixation  is  retained  ;  2.  That  in 
which  it  is  lost,  or  in  which  at  any  rate  there  is  found  to  be  no 
supremacy  of  the  central  over  the  peripheral  jjortions  of  the  retma.  In 
the  first  form  we  find  two  elements,  one  of  which  is  jjermanent,  and 
the  other  capable  of  disappearing  when  the  squinting  eye  is  for  some 
days  used  for  fixation ;  that  is  to  say,  the  amblyopia  may  disappear 
to  a  certaui  variable  extent,  but  rarely  entirely.  Thus  one  frequently 
sees  that  when,  owing  to  some  injury,  the  good  eye  has  its  vision 
temporarily  or  permanently  impaired,  the  squinting  eye  not  only 
takes  up  the  fixation,  but  rapidly  improves  in  vision,  although  as  a 
rule  falhng  more  or  less  short  of  full  vision.  Moderate  degrees  of 
amblyopia  of  one  eye  are  frequently  met  with  in  cases  where  there  is 
no  strabismus. 

It  is  easy  to  understand  how,  when  the  circumstances  favourmg 
strabismus  exist,  the  strabismus  is  much  more  likely  to  become  mani- 
fest if  the  one  eye  is  amblyopic,  and  therefore  the  value  of  binocular 
vision  lessened.  A  manifest  squint  does  indeed  often  suddenly  make 
its  appearance  when  the  vision  of  the  one  eye  is  accidently  lost  or 
much  impaired.  There  seems  every  reason,  then,  to  look  ujDon  the 
permanent  element  in  the  first  form  of  amblyopia  as  not  only  pre- 
existing, but  as  one  of  the  chief  predisposing  causes  of  the  strabismus. 

Are  we  tlien  to  look  upon  the  recoverable  element  as  caused  by 
disuse  1  In  cases  where  the  squint  is  associated  with  liypermetropia, 
the  hypennetropia  is  often  found  to  be  to  a  much  greater  extent  mani- 
fest in  the  squinting  eye  than  in  the  otlier,  when  the  squinting  eye  is 
aU  of  a  sudden,  on  occlusion  of  the  other,  forced  to  fix.  Very  con- 
siderable improvement  is  got  in  such  cases  by  the  use  of  the  fuU  cr 
nearly  full  correction.  This  circumstance,  then,  in  not  a  few  cases, 
accounts  for  some  part  of  the  defective  vision  of  the  squinting  eye. 
But,  besides  this,  and  constituting  usually  the  main,  or  it  may  be  tlic 
only,  portion  of  tlie  recoverable  element  in  the  amblyopia,  is  what 
must  be  looked  upon  as  a  kind  of  awkwardness  in  the  eye  in  respond- 
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ing  all  at  once,  to  the  full  extent  of  which  it  is  capable,  to  the  normal 
impressions.  This  condition  is  indeed  very  similar  to  right-handed- 
ness, in  so  far  as  the  left  hand  as  a  rule,  though  capable  of  performing 
the  same  feats  as  the  right,  is  unable  from  want  of  practice  to  do  so. 
The  habitual  suppression  which  takes  place  to  a  greater  or  less  extent 
of  the  images  falling  on  the  squinting  eye  cause  it  to  lose  the  habit  of 
responding  fully  to  their  impressions.  Nevertheless  a  very  short 
practice,  Avhen  the  fixing  eye  is  thrown  out  of  gear,  suffices  to  over- 
come this.  The  recognition  of  the  two  elements  in  the  amblyopia  of 
the  squinting  eye,  in  most  cases,  at  any  rate,  when  the  power  of 
central  fixation  is  retained,  is  in  so  far  of  practical  importance,  that  we 
may  thereby  see  the  uselessness  of  continuing  for  months,  as  is  some- 
times done,  to  exercise  that  eye  in  order  to  improve  its  vision. 

A  true  permanent  amblyopia  from  disuse  is  denied  by  some,  be- 
cause they  say  that,  for  instance,  cases  in  which  cataract  has  existed 
for  thirty  or  forty  years,  have  not  been  found  to  have  suffered  any 
loss  of  vision  after  a  successful  operation.  There  can  be  little  doubt, 
indeed,  that  when  central  fixation  has  been  once  acquired  it  is  never 
lost  by  circumstances  which  merely  interfere  with  the  formation  of 
distmct  images  on  the  macula.  It  is  otherwise,  however,  with  cases 
in  wliich  cataract  or  any  other  opacity  exists  at  the  time  that  the 
supremacy  of  the  fovea  over  other  parts  of  the  retina  is  properly 
acquired.  When  the  cause  is  removed,  although  a  certain  amount 
of  vision  is  restored,  there  is  no  central  fixation.  This  is  always  the 
case  in  dense  congenital  cataract,  and  often,  too,  where  there  has  been 
a  long  persisting  dense  corneal  opacity  following  ophthalmia  neona- 
torum. In  the  first  case,  after  removal  of  the  cataract,  and  in  the 
second,  even  when  all,  or  nearly  all,  the  opacity  has  cleared  away,  the 
power  of  fixation  is  found  to  be  absent,  and  always  to  remain  absent. 
In  cases  of  monolateral  strabismus,  which  begin  early  in  life,  that  is, 
during  the  first  months,  the  squinting  eye  may  be  regarded  as  sub- 
jected to  the  same  unfavourable  conditions  as  far  as  the  acquirement 
of  central  fixation  is  concerned.  Fixation  with  that  eye  is  never  called 
for,  and  therefore  never  acquired.  The  second  form  of  amblyopia, 
viz.,  that  in  which  there  is  no  central  fixation  possible  in  the  squint- 
ing eye,  is  in  so  far  an  amblyopia  from  disuse  in  that  it  is  occasioned 
by  disuse  at  a  time  when  central  fixation  is  usually  acquired.  Besides 
the  parallel  cases  of  absence  of  central  fixation  from  early  disuse  given 
above,  there  is  one  circumstance  which  argues  strongly  for  the  cor- 
rectness of  this  view.  "We  find,  as  already  said,  very  frequently  uni- 
lateral amblyopia  where  there  is  no  squint,  but  rarely  if  ever  an 
amblyopia  without  central  fixation,  i.e.,  of  course  in  cases  where  there 
are  no  objective  signs  to  explain  the  absence  of  central  fixation. 

When  there  is,  as  we  have  seen  is  most  frequently  the  case, 
no  diplopia,  it  is  by  no  means  easy  to  account  for  why  there 
should  be  such  a  total  suppression  of  the  image  falling  on  the 
squinting  eye.    It  is  easy  to  satisfy  one's  self  that  that  portion 
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of  the  field  of  the  squinting  eye  which  is  not  coincident  with 
the  field  of  the  other  eye  is  constantly  aware  of  the  impressions 
it  receives.  The  fact  seems  to  be  simply  that  in  cases  where 
there  has  never  been  binocular  vision,  and  in  which  usually 
there  is  considerable  congenital  amblyopia,  diplopia  does  not 
exist,  whatever  be  the  explanation.  One  can  hardly  draw  any 
conclusions  in  cases  of  absence  of  binocular  vision  from  what 
occurs  when  there  has  been  binocular  vision.  In  a  number  of 
cases,  however,  there  is  another  reason  for  the  absence  of  diplopia, 
viz.,  the  fact  that  the  sqixiuting  eye  has  acquired  the  habit  of 
projecting  its  images  in  accordance  with  its  position.  In  these 
cases  there  exists  sometimes  an  imperfect  form  of  binocular 
vision,  but  more  frequently  the  absence  of  diplopia  is  due  to  the 
circumstance  that,  although  there  is  no  simultaneous  elaboration 
of  the  two  images  of  any  object,  still,  whenever  the  squinting 
eye  is  conscious  of  its  image,  it  is  projected  to  the  same  place 
in  space  as  that  falHng  on  the  fovea  of  the  properly  directed 
eye.  That  is  to  say  there  may  be  simultaneous  vision  with  both 
eyes,  and  yet  no  binocular  fusion  of  images  in  the  true  sense. 

The  two  forms  of  suppression  just  referred  to,  although  they 
hardly  account  for  all  the  cases  met  with,  are  of  interest  so  far 
as  the  conditions  induced  by  operative  interference  are  concerned. 
In  the  first  form  there  is  rarely  any  diplopia  after  operations, 
whereas  in  the  second  the  operation  gives  rise  to  diplopia,  of 
which  the  patient  is  more  or  less  conscious.  The  new  position 
of  the  eyes  is  not  at  first,  or  for  some  time,  allowed  for,  and  the 
position  being  relatively  divergent,  the  persistence  of  the  pre- 
vious habit  of  projection  results  in  more  or  less  marked  crossed 
diplopia. 

In  the  treatment  of  convergent  strabismus  we  have  to  take 
into  consideration  the  fact  that  there  is  a  tendency  to  a  gradual 
disappearance  of  the  squint  as  the  patient  grows  older.  When 
this  does  occur  it  is  seldom  before  the  tenth  year,  and  generally 
considerably  later.  The  nature  of  the  squint,  too,  whether 
periodic  or  constant,  relative  or  absolute,  must  influence  the 
treatment ;  so  also  must  the  state  of  vision  in  the  squinting  eye, 
and  the  presence  or  absence  of  diplopia.  Usually  when  some 
operative  measure  is  required,  the  degree  of  the  permanent 
squint  will  afford  an  indication  as  to  what  operation,  or  combin- 
ation of  operations,  is  advisable. 


I 
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Thtmgh  much  can  be  done  in  some  cases  without  operation, 
the  cure  of  a  convergent  squint  can  usually  only  be  thoroughly 
made  by  bringing  about  an  alteration  in  the  relative  positions  of 
the  tendinous  attachments  of  the  lateral  muscles.  The  per- 
manent element  of  the  squint  can  only  be  cured  in  this  way, 
whilst  that  portion  which  is  accommodative  often  disappears 
under  the  altered  conditions  brought  about  by  proper  correction 
of  the  existing  error  of  refraction.  When  the  squint  has  begun 
late  and  has  not  existed  long,  and  where  there  is  either  spon- 
taneous or  easily  elicited  diplopia,  with  not  too  high  a  degree  of 
amblyopia  of  the  squinting  eye  and  hypermetropia,  an  attempt 
should  be  made  to  cure  it  by  causing  the  patient  to  wear  glasses 
which  as  nearly  correct  his  hypermetropia  as  he  will  tolerate. 
By  keeping  the  accommodation  paralysed  for  some  weeks  during 
the  first  wearing  of  the  glasses,  a  pretty  full  correction  may 
often  afterwards  be  permanently  worn  without  inconvenience, 
and  a  favourable  effect  on  the  squint  at  the  same  time  obtained. 
Owing  to  the  difficulty  of  giving  spectacles  to  young  children, 
it  is  only  a  small  proportion  of  cases  in  reality  which  admit  of 
purely  optical  treatment. 

The  continued  use  of  atropine  for  the  purpose  of  keeping 
the  accommodation  paralysed,  and  thereby  avoiding  the  tendency 
to  squint,  which  is  advocated  by  some,  is  seldom  of  any  use,  or 
at  all  events  the  benefit  in  any  case  is  only  temporary,  lasting 
as  long  only  as  clear  vision  is  interfered  with  in  this  way. 

The  operation  of  tenotomy  of  the  internus,  or  advancement 
of  the  tendon  of  the  externus,  only  produces  an  alteration  in 
the  mechanical  consequences  of  the  existing  relation  between 
the  power  of  the  two  lateral  muscles,  but  does  not  influence  in 
any  direct  manner  the  cause  of  the  squint.  That  is  to  say,  that 
by  displacing  the  attachment  of  the  internal  rectus  backwards, 
or  that  of  the  external  rectus  forwards,  the  initial  position  of 
the  eyeball  is  altered  in  such  a  manner  as  to  introduce  a  state 
of  less  convergence  of  the  two  axes.  In  this  way  the  appearance 
is  improved,  while  sometimes  at  the  same  time  a  resumption  of 
function,  which  the  abnormal  convergence  rendered  previously 
impossible,  is  permitted.  Still  the  conditions  of  innervation, 
which  are  the  cause  of  the  squint,  remain.  This  is  evi- 
dent from  the  degree  of  insufficiency  of  convergence  which 
results  from  the  operation.     Indirectly,  the  operative  effect 
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may  lead  to  a  true  cure  of  the  squint,  by  diminishing  so  far 
the  abnormal  muscular  conditions,  that  the  further  difficulties 
can  be  more  or  less  readily  overcome  by  fusion.  When 
this  happens,  there  must  have  of  course  previously  existed 
binocular  vision,  and  the  latent  or  dynamical  deviation  always 
remains.  Whether  the  full  permanent  amount  of  the  squint, 
or  even  more,  should  be  corrected  by  operation,  depends  again 
on  the  age  of  the  individual,  as  well  as  on  the  existence  or  not 
of  those  circumstances  already  referred  to,  which  help  to 
maintain  the  correction  when  once  effected.  The  object  of  the 
operation  is  not  merely  to  correct  the  position  of  equilibrium, 
but  also  to  do  so  as  far  as  possible  in  such  a  manner  as  shall 
admit  of  the  accommodative  and  associated  movements  of  the 
two  eyes  taking  place  in  the  normal  way. 

In  operating  on  children  with  hypermetropia  and  amblyopia 
of  one  eye,  we  should  leave  a  little  of  the  convergence  uncor- 
rected, owing  to  the  possibilities  of  a  change,  in  the  direction  of 
spontaneous  cure,  taking  place  as  they  grow.  One  or  even  two 
milhmetres  may  be  left  without,  as  a  rule,  being  observable, 
owing  to  its  being  more  or  less  covered  by  the  relative  divergence 
of  the  optic,  as  compared  with  the  visual  axes.  In  adults  we 
may  usually  safely  correct  the  whole  amount  of  permanent 
sqiunt,  even  where  there  is  no  possibility,  as  is  often  the  case, 
of  their  obtaining  binocular  vision  after  operation.  In  cases 
where  the  conditions  favouring  the  simultaneous  use  of  the  two 
eyes  are  more  advantageous,  and  at  the  same  time  the  degree 
of  convergence  associated  with  accommodation  is  clearly  in  ex- 
cess of  the  normal,  it  is  advisable  to  correct  the  full  permanent 
element.  In  alternating  squints,  too,  the  whole  correction 
should  be  made. 

When  the  convergent  strabismus  is  associated  with  myopia, 
and  is  only  relative,  that  is,  only  existing  for  fixation  beyond 
a  certain  distance,  care  has  to  be  taken  that  the  correction 
of  the  squint  for  a  distance  does  not  give  rise  to  insuffi- 
ciency of  convergence  for  near  objects.  Such  insufaciency 
would  either  introduce  relative  divergence  with  diplopia  for 
near  vision,  or  asthenopia,  owing  to  the  too  great  effort 
necessary  to  keep  up  the  required  amount  of  convergence. 
With  correction  of  the  myopia,  I  believe,  this  danger  need 
seldom  be  feared,  so  long  as  the  position  for  a  distance  is  not 
40 
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over-corrected.  It  is  well,  however,  to  determine  beforehand 
whether  there  is  any  latent  convergence  at  the  reading  distance. 
Should  there  be,  there  can  be  absolutely  no  doubt  as  to  the 
advisability  of  performing  a  tenotomy. 

The  effect  of  a  single  tenotomy  in  the  manner  in  which  it  is 
now  performed,  i.e.,  by  a  mere  detaching  of  the  direct  sclerotic 
attachment  of  the  internal  rectus,  is  not  always  the  same,  as 
this  depends  partly  on  the  nature  of  the  indirect  insertions  of  the 
tendon,  and  partly  on  the  degree  of  rotation  which  is  given  to 
the  eye  by  the  antagonist  whilst  the  re-attachment  is  taking 
place.    The  latter  depends  again  on  the  nature  of  the  squint,  on 
the  visual  acuity  of  the  eye  on  which  the  tenotomy  has  been 
performed,  and  on  the  use  made  of  the  eye  during  the  heahng 
process.    It  is  apt  to  be  less  the  more  amblyopic  the  eye  is.  As 
a  rule,  however,  we  cannot  expect  a  greater  alteration  in  the 
position  than  about  4  millimetres  linear  measurement,  or  a 
diminution  of  the  convergence  to  the  extent  of  from  15°  to  20°, 
or  4  to  6  metre  angles.    In  a  large  proportion  of  cases  in 
which  one  has  to  operate,  the  position  to  be  corrected  is 
considerably,   sometimes  greatly,  in  excess  of  this  amount, 
and  the  question  arises,  how  is  one  sufficiently  to  increase 
the  effect  ?    Any  means  which  permits  of  much  further  retrac- 
tion of  the  internus,  though  it  would  increase  the  eflPect, 
would  at  the  same  time  increase  the  insufficiency  of  the 
action  of  the  muscle,  and  give  rise  to  irregularity  in  the 
associated  movements  of  the  eyes,  and  possibly  to  a  relative 
divergence  for  near  vision.    One  or  two  millimetres  greater 
effect  might,  however,  in  many  cases  be  desirable,  without 
fear  of  too  great  insufficiency.    If  it  were  possible  with  any 
certainty  to  regulate  the  amount  of  extra  effect  thus  obtained, 
this  could  be  got  by  dividing  more  or  less  of  the  indirect  fibrous 
attachments  of  the  muscle,  and  not  only  its  sclerotic  attachment. 
This  plan,  which  is  pretty  frequently  practised,  should  as  a  rule 
be  avoided  owing  to  its  uncertainty,  the  tendency  being  for  the 
effect  to  be  too  great,  and  the  insufficiency  consequently  too 
marked. 

When  a  further  correction  than  that  which  can  be  obtained 
by  tenotomy  of  the  internal  rectus  of  the  squinting  eye  is 
required,  we  have  often  the  choice  of  two  operations — either 
tenotomy  of  the  internal  rectus  of  the  other  eye,  or  advancement 


TREATMENT  OF  CONVERGENT  STRABISMUS.  627 


of  the  tendinous  insertion  of  the  external  rectus  of  the  squinting 
eye.  As  a  rule  the  first  plan  is  preferable,  as  in  all  but  an 
insignificant  number  of  cases  the  squint  is  to  be  looked  upon  as 
an  increased  convergence  of  the  axes  of  the  two  eyes,  and  not 
merely  a  preponderance  of  the  internal  rectus  of  the  squinting 
eye  alone  over  its  antagonist.  It  is,  therefore,  best  to  divide 
the  effect  over  the  two  eyes.  Wherever  there  is  marked  weak- 
ness of  the  abduction  in  the  squinting  eye  and  not  in  the  other, 
a  condition  sometimes  seen  when  the  squint  is  of  paretic  origin, 
the  tenotomy  should  be  combined  with  advancement  of  its 
*  external  muscle,  as  not  only  is  tliis  method  of  operating 
calculated  to  render  the  relations  of  the  lateral  muscles  more 
nearly  similar  in  the  two  eyes,  but  under  these  circumstances 
the  etfect  of  the  tenotomy  alone  on  the  squinting  eye  is  apt  to 
be  smaller  than  usual.  An  increase  of  correction  brought  about, 
too,  by  adA^ancement  of  the  external  rectus  produces  relatively 
less  insufficiency  of  the  internus  than  a  corresponding  increase 
caused  by  a  greater  retraction  of  the  internus,  so  that  in  this 
way  a  gain  is  effected  in  the  position  without  too  great 
sacrifice. 

The  amount  of  diminution  in  the  power  of  adduction,  result- 
ing from  a  properly  performed  tenotomy,  must  depend  on  what 
was  previously  the  position  of  attachment  of  the  tendon,  as  well 
as  on  the  direction  of  the  muscle,  that  is  to  say,  the  point  where 
it  becomes  a  tangent  to  the  eyeball.  This  defect  or  insufficiency 
in  the  power  of  adduction  is  sometimes  the  same  in  amount  as 
the  correction  of  the  position  to  which  tenotomy  gives  rise ;  it  is 
fortunately,  however,  as  a  rule  rather  less,  though  occasionally 
it  is  even  more. 

In  the  highest  degree  of  squint,  i.e.,  when  the  deviation  is 
greater  than  from  8  to  10  milimetres  linear  measurement,  or 
from  35°  to  45°,  or  from  10  to  11  metre  angles,  and  the  double 
tenotomy  is  consequently  insufficient  to  effect  a  complete  or 
sufficiently  approximate  correction,  the  advancement  of  the 
external  rectus  of  the  squinting  eye  must  be  done  in  addition 
to  the  tenotomy  on  each  eye. 

A  point  on  which  there  is  a  difference  of  opinion  amongst 
ophthalmic  surgeons  is  as  to  whether,  when  it  is  necessary  to 
divide  the  effect  of  operation  over  both  eyes,  both  should  be 
operated  on  at  once  or  at  different  times.    Where  it  is  possible. 
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it  is  better  to  operate  at  an  interval  of  at  least  one  week,  owing 
to  the  uncertainty  in  the  extent  of  the  effect  which  each  teno- 
tomy produces. 

When  the  circumstances  are  not  favourable  to  an  increase  of 
the  effect,  i.e.,  when  there  is  not  good  vision  in  both  eyes  or  any 
tendency  to  binocular  fixation,  that  which  is  found  immediately 
after  operation,  or,  if  the  operation  be  performed  under  an 
anfesthetic,  as  soon  as  the  patient  has  completely  recovered  from 
its  effects,  is,  generally  speaking,  approximately  that  which  one 
may  expect  to  see  remain  permanently.  On  the  day  following 
the  operation,  and  for  some  days  subsequently,  the  effect  is  often 
rather  greater,  but  the  gradual  tightening  of  the  new  adhesions 
usually  eventually  brings  it  back  to  the  first  amount.  The 
effect  of  a  tenotomy  is  immediately,  and  for  some  weeks  after 
operation,  foimd  to  be  greatest  for  fixation  in  the  direction  of 
action  of  the  divided  muscle,  and  least  for  fixation  in  the  oppo- 
site direction.  Concomitancy  is  lost,  and  only  very  slowly 
regained. 

When  the  amount  of  the  squint  is  a  good  deal  less  than  4 
millimetres,  so  that  a  tenotomy  would  be  likely  to  have  too  great 
an  effect,  and  it  is  yet  desirable  to  operate,  the  retraction  of  the 
insertion  may  be,  to  a  greater  or  less  extent,  restrained  by  a 
conjunctival  suture,  placed  horizontally  and  involving  more  or 
less  of  the  conjunctiva.  Such  a  suture  is  more  often  requu-ed 
in  the  case  of  the  second  tenotomy  in  squints  of  a  moderate 
amount,  though  too  great  to  be  rectified  by  tenotomy  of  the  one 
internal  rectus  alone.  Even  should  the  too  great  effect  be  only 
noticed  on  the  day  after  operation,  the  use  of  the  suture  will 
still  enable  one  to  remedy  it,  and  indeed,  by  separating  the 
semi-attached  new  sclerotic  insertion  with  the  strabismus  hook, 
it  may  be  made  use  of  several  days  after  the  operation. 

In  the  immense  majority  of  cases  the  most  successful 
operative  interference  leads  only  to  a  removal  of  either  the 
whole,  or  at  all  events  the  unsightly  portion  of  the  abnormal 
convergence.  The  effect,  so  far  as  the  eyes  are  concerned,  is 
only  cosmetic,  and  it  is  rare,  comparatively  speaking,  that  any 
true  binocular  vision  results.  Different  methods  have  been 
devised  for  the  purpose  of  stimulating  the  desire  for  fusion  of 
the  two  images.  Possibly  these  may  in  some  cases  be  pro- 
ductive of  the  desired  effect.    In  most  cases  they  are,  however. 
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altogether  useless,  and  it  is  indeed  doubtful  whether  in  the  few 
cases  in  which  binocular  vision  returns  the  cure  would  not  have 
been  just  as  rapid  without  their  aid.  The  best  test  for  the 
presence  of  true  binocular  vision,  or  the  accurate  appreciation 
of  the  third  dimension,  is  that  which  is  known  as  Hering's 
(see  p.  28).  There  are  many  cases,  however,  in  which,  as 
already  mentioned,  the  eyes  project  their  images  properly  in 
accordance  with  their  position,  and  which,  short  of  complete 
binocular  vision,  acquire  the  power,  sooner  or  later  after  opera- 
tion, of  making  use  of  the  two  eyes  together  in  such  a  way 
as  to  afford  a  guarantee  against  the  return  of  the  squint, 
or  the  subsequent  occurrence  of  relative  or  absolute  diver- 
gence. "When  a  prism  of  say  4°  to  6°,  with  the  angle  directed 
inwards  or  outwards,  held  in  front  of  either  eye,  while  the  other 
is  fixing  any  object,  gives  rise  to  a  convergent  or  divergent 
movement  of  that  eye,  we  may  conclude  that  binocular  vision  of 
some  kind  exists. 

The  etiology  of  convergent  strabismus  is  a  point  which  still 
presents  very  considerable  difficulties,  probably  because  there  are 
several  causes  acting  singly  or  conjointly  in  different  cases.  The  most 
generally  accepted  explanation  is  that  which  was  first  given  by 
Bonders.  According  to  this  view,  the  necessity  for  a  greater  amount 
of  accommodative  action  for  accurate  focussing  of  any  object,  near  or 
distant,  which  exists  in  the  case  of  hypermetropia,  when  compared  with 
emmetropia,  must  have  one  or  other  of  the  following  consequences. 
Either  the  relation  existing  between  accommodation  and  convergence 
has  to  be  more  or  less  abnormally  dissociated  to  admit  of  binocular 
fixation,  or  binocular  vision  has  to  be  given  up  in  order  to  admit  of 
the  degree  of  convergence  being  assumed,  which  is  naturally  associated 
witli  the  amount  of  accommodation  which  has  to  be  brought  into  action 
to  allow  of  accurate  focussuig.  In  the  first  case  there  may  be  asthenopia; 
in  the  second  there  is  convergent  squuit.  For  with  the  greater 
accommodation  necessary  to  focus  a  point  at  a  finite  distance  from  the 
eyes,  there  must  be,  if  the  normal  connection  between  association  and 
convergence  holds  good,  a  greater  degree  of  convergence  than  is 
required  for  the  point  fixed.  This,  too,  must  lead  to  an  inward  squint 
of  one  eye,  as  the  other  must  be  used  for  the  fixation  of  the  object. 
Which  of  these  two  conditions  actually  conies  about  in  any  case  AviU 
depend,  according  to  Bonders,  on  the  value  of  binocular  vision,  so 
that  any  circumstance  leading  to  dei'ective  vision  in  one  eye  would 
strengthen  the  tendency  which  hypermetropia  has  to  mduce  convergent 
strabismus.  According  to  Schweigger,  on  the  other  hand,  the  occur- 
rence or  non-occurrence  of  convergent  strabismus  is  dependent  maiuly 
on  the  existence  or  not  of  what  he  calls  elastic  preponderance  of  the 
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interni.  When  sucli  preponderance  exists,  and  it  is  admittedly  more 
frequent  in  connection  with  hypermetropia  than  with  other  conditions 
of  refraction,  it  depends  upon  the  value  of  binocular  vision,  as  well  as 
on  the  amount  of  preponderance,  whether  or  not  a  manifest  squint  is 
the  result.  The  assumed  preponderance  of  the  internus  over  the 
externus  may  exist  in  one  or  Loth  eyes  ;  in  either  case  the  convergence 
will  be  transferred  from  the  squinting  eye  to  the  other  when  the 
squinting  eye  is  vised  for  fixation.  This  follows  because  the  innerva- 
tion required  to  bring  the  squinting  eye  from  its  convergent  to  its 
fixing  jDosition  is  necessarily  associated  with  a  corresponding  innerva- 
tion of  the  internus  of  the  occluded,  though  usually  fixing,  eye. 
Where  there  is  anisometropia,  however,  the  amount  of  squint,  when 
the  eye  used  for  iixation  is  covered  and  takes  up  the  abnormal  position, 
is  ofteji  not  the  same  as  when  the  other  eye  squints,  showing  clearly 
that  the  degree  is  partly  dependent  on  the  amount  of  accommodation 
required  in  each  eye  for  the  focussing  of  the  object  fixed. 

Another  explanation  which  has  been  offered,  and  which  differs  but 
slightly  from  Schweigger's,  is  that  the  permanent  squint  is  merely  the 
manifestation  of  the  position  of  equilibrium  of  the  eyes,  the  position 
being  convergence  instead  of  parallelism.  This  position  of  equilibrium, 
it  is  held,  is  assumed  when  binocular  vision  from  any  cause — and  the 
most  frequent  is  of  course  amblyopia  of  the  one  eye— is  not  sufficiently 
useful  to  assert  itself  against  a  disadvantage.  According  to  this  view, 
the  spontaneous  cure  of  squint  takes  place  when  the  anatomical  position 
of  equilibrium  becomes  altered  in  such  a  way  as  to  cause  the  externi 
to  become  relatively  more  preponderant. 

It  seems  very  doubtful,  however,  whether  the  truly  anatomical 
position  of  rest  is  ever  one  of  convergence,  and  more  than  doubt- 
ful if  this  convergent  position  is  even  as  marked  as  it  is  in 
strabismus.  What  has  been  called  by  many  the  convergent  posi- 
tion of  equilibrium  has  been  found  to  be  most  common  in  hyper- 
metropia, while  the  divergent  position  is  most  frequent  in  myopia. 
From  the  manner  in  which  these  positions  have  been  determined, 
it  is  evident  that  they  do  not  correspond  to  the  anatomical  posi- 
tions of  rest.  Von  Graefe  long  ago  pointed  out  that  it  is  not 
easy  to  discover  what  that  position  is  in  any  particular  case,  as 
the  muscles  are  continually  innervated.  Apart,  too,  from  this  con- 
tinual innervation,  the  explanation  and  importance  of  which  is 
discussed  further  on,  it  is  by  no  means  possible  to  get  rid  of  the 
innervation  which  is  associated  with  accommodation.  Although  with 
atropine  we  may  paralyse  accommodation,  we  cannot  suppress  the 
impitlse  to  it,  with  which  some  movement  of  convergence  is  necessarily 
associated.  That  the  impulse  to  accommodation,  and  not  the  actual 
accommodative  change,  is  all  that  is  necessary  to  give  rise  to  active 
convergent  movements  can  be  easily  sho-wn.  Thus  one  may  frequently 
see  a  squint  arise  as  soon  as  an  attempt  has  been  made  by  an  eye 
whose  ciliary  muscle  has  been  paralysed  by  atropine  to  see  any  object 
distinctly,  even  although  there  is  at  other  times  no  misdirection  of  the 
axes.    From  the  direction  of  the  orbits,  and  from  the  divergence  met 
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with  under  complete  anaesthesia,  it  certainly  appears  as  _  if  the 
anatomical  position  of  the  eyes  were  always  a  more  or  less  divergent 
one.  This  position,  too,  which  must  be  looked  upon  as  the  true 
starting-point  for  innervation  to  convergence,  no  doubt  differs,  and 
perhaps  not  inconsiderably,  in  different  individuals. 

Bonders'  view,  though  corroborated  in  the  main  by  many  cases, 
is  principally  faulty  in  that  it  presupposes  a  connection  in  the  case 
of  hypermetropia  between  accommodation  and  convergence,  exactly 
similar  to  that  which  exists  in  emmetropia.    That  such  is  not  always, 
nor  indeed  most  frequently  the  case,  has  already  been  explained. 
Further,  the  same  fact  is  shown  by  the  cases  in  which  hypermetropia 
and   unilateral    amblyopia   exist   without   convergent  strabismus. 
But  whilst  the  connection  between  accommodation  and  convergence 
is  so  far  from  being  always  what  might  be  called  normal,  there  is 
yet  always  some  sort  of  connection,  most  frequently  one  in  which 
the  degree  of  convergence  is  considerably  less  than  that  of  accom- 
modation, but  also  one  in  which  the  reverse  is  the  case.  There 
can  be  little  doubt  that  it  is  wrong  to  suppose,  as  has  been  done, 
that  such  a  connection  takes  place  only  where  there  is  binocular 
vision.     Again,  Bonders'  view  does  not  account  for  the  combina- 
tion of  emmetropia  and  convergent  squint,  or  for  the  less  common  but 
not  rare  form  of  myopic  convergent  squint.    The  existing  association 
between  accommodation  and  convergence  in  any  given  case  is  no 
doubt  to  a  great  extent  acquired,  but  it  is  not  unlikely  that  both  the 
lax  condition  of  such  association  which  would  counteract,  as  well  as 
the  more  intimate  connection  which  would  favour  squinting,  are  m 
some  measure  the  result  of  inheritance.    It  may  consequently  be  in 
this  way  that  the  hereditary  disposition  to  squintmg  comes  into  play. 
Schweigger's  view,  on  the  other  hand,  appears  to  me  to  ascribe  too 
much  to  the  mere  physical  state  of  the  muscles,  and  to  too  completely 
disregard  the  conditions  of  their  innervation. 

In  many  cases  the  squint  can  be  easily  shown  to  be  purely  accom- 
modative, and  only  appears  when  an  effort  is  made  to  see  distinctly. 
In  some  of  these  cases  the  squmt  is  associated  with  diplopia,  and  the 
individual  usually  prefers  indistmct  vision  to  double  vision,  and  there- 
fore exerts  his  accommodation  as  little  as  possible.  In  other  cases, 
again,  the  conditions  are  so  unfavourable  to  accommodation  that, 
although  there  is  never  any  diplopia  on  the  assumption  of  the  ex- 
cessive convergence  which  comes  on  with  accommodation,  still  an 
accommodative  effort  is  only  comparatively  rarely  made  and  never 
sustained. 

The  most  interesting  cases  of  purely  accommodative  squint  are, 
however,  the  regularly  periodic  cases.  The  squinting  position  may, 
for  instance,  only  be  assumed  every  other  day,  or  it  may  be  only  in 
the  evening;  while  at  other  times  the  axes  are  properly  directed. 
The  explanation  of  such  cases  is  evidently  that  the  dissociation  of  the 
combined  impulses  to  accommodation  and  convergence  requires  an 
amount  of  effort  which  cannot  be  indefinitely  sustained.  Rest  is 
obtained  therefore  by  assuming  the  squinting  position  for  a  day. 
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Frequently,  too,  cue  sees  cases  where  the  strabismus  only  manifests 
itself  when  the  individual  is  in  any  way  exhausted,  but  is  overcome 
after  food  or  sleep. 

A  similar  explanation  applies  to  such  cases  where,  after  debilita- 
ting illnesses,  a  manifest  squint  makes  its  appearance.  In  some  such 
cases,  although  there  may  be  good  vision  in  either  eye,  and  diplopia, 
it  is  found  on  testing  with  prisms  that  the  power  of  fusion — that  is  to 
say,  of  dissociating  the  associated  impulses  to  accommodation  and 
convergence  in  the  interest  of  binocular  vision — is  very  slight.  Yet 
the  absence  of  any  squint  before  the  illness  shows  that  the  effort 
required  for  such  a  dissociation  has  previously  not  been  too  great  to  be 
permanently  maintained. 

Ta.Q -permanent  element  of  the  squint,  the  amount  of  which,  in  so 
far  as  it  alone,  as  a  rule,  calls  for  operative  correction,  it  is  of  some 
importance  to  ascertain,  at  all  events  approximately,  is  at  the  same 
time  that  which  is  most  puzzling  in  its  nature.  Several  explanations 
have  been  advanced.  Alfred  Graefe,  for  instance,  beUeves  that  an 
actual  shortening,  due  to  structural  change,  takes  place  in  the  internus 
of  the  squinting  eye ;  while  Schweigger  holds  that  there  is  gradually 
induced  in  this  muscle  an  increase  in  the  amount  of  its  tonic  contrac- 
tion, whereby  it  becomes  permanently  although  only  functionally 
shortened.  ^Teither  Alfred  Graefe,  however,  nor  any  one  else,  has  as 
yet  furnished  an  anatomical  demonstration  of  the  supposed  structui-al 
change  in  the  muscle.  The  fact,  too,  that  a  permanent  squint  may 
altogether  disappear  in  the  course  of  time,  while  it  does  not,  of  course, 
prove  that  such  a  change  never  takes  place,  does  most  decidedly  show 
that  it  does  not  always  take  place.  Schweigger's  explanation  gets  over 
the  difficulty  of  the  spontaneous  cure  of  strabismus.  Both  vie\vs  are, 
however,  inconsistent  with  one  circumstance  in  connection  with 
squinting,  viz.,  the  disproportion  which  almost  always  exists  between 
the  deviation  of  the  squinting  eye  and  the  insufficiency  of  its  outward 
movement.  Although  in  the  great  majority  of  cases  of  convergent 
strabismus  some  restriction  in  the  extent  of  possible  outward  move- 
ment is  evident  either  in  one  or  both  eyes,  the  restriction  is  rarely  if 
ever  equal  to  the  amount  of  the  squint,  and  is  generally  very 
markedly  less. 

From  the  fact  that  a  permanent  squint  is  only  very  gradually 
acquired,  and  may  altogether  disappear  under  an  anaesthetic,  it  seems 
most  natural  to  assume  that  it  is  only  the  expression  of  an  altered 
condition  of  permanent  innervation  brought  about  by  the  disuse  of 
the  stimuli,  which,  as  long  as  the  two  eyes  always  work  together, 
succeed  in  counteracting  the  tendency  to  over  convergence  from  asso- 
ciation with  accommodation,  or  from  any  other  cause.  We  have,  in 
fact,  to  distinguish  between  an  equilibrium  of  the  lateral  muscles, 
independent  altogether  of  the  state  of  their  innervation — what  has 
been  referred  to  as  the  anatomical  position — and  a  position  of  inner- 
vation equilibrium.  The  requirements  of  an  individual  possessing 
good^  binocular  vision  are  such  as  to  favour  the  acquirement  of  a 
position  of  innervation  equilibrium,  in  which  the  visual  axes  are 
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pcarallel,  and  this  altogether  independent  of  what  may  be  the  ana- 
tomical position  of  rest.  On  the  other  hand,  the  constant  necessity 
for  over-convergence  which  is  seen  in  hypermetropic  individuals  who 
squint  leads  to  a  permanent  innervation  equilibrium  of  convergence, 
the  degree  of  which  may  not  unlUiely  depend  to  some  extent  on  what 
is  in  any  particular  case  the  position  of  anatomical  rest.  We  may 
say,  then,  that  permanent  squinting  comes  from  squinting,  just  as 
permanent  straight  vision  comes  from  looking  straight ;  the  state  of 
constant  innervation  is  in  fact  in  accordance  with  the  continued  habit 
in  each  case. 

This  explanation,  which  makes  squinting  a  mere  phenomenon  of 
innervation,  and  not  due  to  any  muscular  defect,  is  that  given  by 
Hansen  Grut.  It  is  certainly  more  consistent  with  all  the  clinical 
facts  in  connection  with  strabismus  than  those  which  have  been  men- 
tioned. As  far  at  any  rate  as  the  most  frequently  occurring  cases, 
where  the  squint  is  connected  with  hypermetropia,  is  concerned,  it  is 
but  an  extension  of  Bonders'  view  to  its  natural  conclusion.  There 
are,  however,  other  cases  in  which  the  original  cause  of  the  abnormal 
convergence  is  less  apparent,  in  which,  for  some  reason  or  other,  con- 
vergent movements  are  greatly  in  excess  of  accommodative  changes. 
Wliatever  may  be  the  cause,  though,  of  the  squinting,  the  tendency  to 
its  becoming  permanent  is  explained  by  the  tendency  that  there  is  for 
the  state  of  jaermanent  innervation  to  lead  to  a  convergent  state  of 
equilibrium.  That  the  deviation  met  with  in  strabismus  is  an  inner- 
vational  one  is  evidenced  by  the  extreme  cases  of  insufficiency  of  con- 
vergence, or  actual  loss  of  converging  power,  which  are  met  with  after 
the  correction  of  liigh  degrees  of  convergent  strabismus.  In  such 
cases  there  stiU  exists  a  power  of  moving  either  eye  inwards,  in  asso- 
ciation with  the  outward  movement  of  the  other  eye,  though  naturally 
to  a  less  degree  than  before  operation.  With  a  parallel  position  of  the 
eye,  therefore,  there  is  nevertheless  a  comjDlete,  or  nearly  complete, 
innervation  to  convergence  at  play. 

This  innervation  theory,  as  it  may  be  caUed,  explains  the  con- 
comitance of  the  squint,  the  equality  of  the  primary  and  secondary 
deviations  where  there  are  no  great  differences  in  the  refraction  of  the 
two  eyes,  and  the  restriction  which  is  met  with  in  the  extent  of 
possible  outward  rotation  of  the  squinting  eye.  We  know,  as  has  been 
very  clearly  demonstrated  and  explained  by  Hering,  that  an  object  in 
front  of  or  to  either  side  of  the  eyes,  and  at  the  same  distance  from 
them,  necessitates  always  the  same  amount  of  convergent  impulse, 
although  in  one  case  the  eye  is  turned  inwards,  whUe  in  another  the 
same  eye  is  turned  outwards.  In  the  first  case  the  inward  rotation 
of  the  eye  is  due  partly  to  a  contraction  of  the  internus  actuated  by  a 
convergent  impulse,  and  partly  to  one  brought  about  by  an  impulse  to 
associated  movement  with  the  oppositQ  externus.  In  the  second  case, 
again,  while  the  contraction  of  the  internus  as  the  result  of  a  con- 
vergent impulse  is  stiU  present,  it  is  more  than  counterbalanced  by 
the  externus  contraction,  which  obeys  the  associated  impulse  :  that 
is  to  say,  the  eyes  follow  each  other  to  either  side  without  any  altera- 
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tion  in  the  amount  of  convergence.  In  the  same  way,  then,  in  the 
case  of  a  convergent  squint,  as  the  innervation  to  convergence,  asso- 
ciated with  a  particular  distance  accommodated  for,  remains  the  same, 
no  difference  of  any  amount  in  the  degree  of  the  deviation  is  met  with 
to  either  side — that  is,  there  is  concomitance.  Further,  the  external 
rotation  of  the  eye  must  be  either  greater  in  range  or  effected  with 
greater  ease  when  unresisted  by  the  contraction  of  the  internus,  than 
when  a  convergent  impulse  causes  a  counteracting  contraction  of  that 
muscle.  We  might  therefore  expect  to  find  some  restriction  in  the 
outward  movement  when  near  objects  are  fixed,  when  compared  with 
that  possible  on  the  fixation  of  distant  objects.  To  some  extent, 
no  doubt,  the  restriction  found  to  exist  in  the  outward  rotation  is 
merely  apparent,  and  due  to  a  want  of  effort  to  bring  about  a  position 
which  is  never  called  for.  The  idea  of  a  permanent  convergent 
innervation  as  the  cause  of  squint  is  certainly,  then,  supported  by  the 
restriction  of  the  external  movement,  which  is  often  apparent  in  the 
non-squinting  as  well  as  in  the  squinting  eye. 

Divergent  Strabismus. 

Some  degree  of  latent  divergence  for  distant  fixation  is  more 
frequent,  in  adults  at  least,  than  latent  convergence.  When 
from  any  cause  one  eye  in  the  case  of  an  adult  is  rendered  blind, 
it  is  therefore  more  frequently  found  to  fail  in  the  direction  of 
insufficient  convergence  with  respect  to  the  object  fixed,  or,  in 
other  words,  to  diverge,  than  to  take  up  a  relatively  too  con- 
vergent position.  The  latent  divergence  becomes  in  fact  a 
manifest  divergence  when  binocular  vision  is  rendered  im- 
possible by  the  loss  or  considerable  impairment  of  vision  of  one 
eye.  The  degree  of  divergence,  too,  increases  as  time  goes  ou. 
This  is  no  doulDt  owing  to  the  alteration  in  the  state  of  permanent 
innervation  which  the  defect  in  convergent  movements  brings 
about.  Such  convergent  movements  become  defective  owing  to 
the  necessary  absence  of  fusion.  The  total  extent  of  the  diver- 
gence still  existing  after  a  long  time  differs,  too,  in  difierent 
cases,  and  this  may  not  unlikely  be  owing  to  the  differences  in 
the  state  of  anatomical  equilibrium. 

The  reason  why  divergent  strabismus  is  so  much  less  common 
than  convergent,  is  that  so  many  cases  of  squint  arise  in  early 
life,  after  congenital  or  early  acquired  amblyopia,  or  other  con- 
ditions leading  to  absence  or  loss  of  binocular  vision,  at  a  time 
when  the  conditions  of  innervation  faA^our  convergence  rather 
than  divergence. 
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Divera;ent  strabismus,  absolute  as  well  as  relative,  and  con- 
stant  as  well  as  periodic,  occurs  in  association  with  all  conditions 
of  refraction;  but  whilst  convergent  strabismus  is  most  fre- 
quently associated  with  hypermetropia,  divergence  is,  on  the 
other  hand,  though  not  to  a  corresponding  extent,  associated 
with  myopia.  Wliere  there  is  myopia  the  diverging  eye  is  very 
frequently  much  more  myopic  than  the  other,  and  amblyopic  at 
the  same  time.  Whereas  in  the  case  of  hypermetropia  there  is 
apt  to  be  a  tendency  to  over-convergence,  in  myopia  the  require- 
ments are  such  that  convergence  receives  little  or  no  support 
from  accommodation;  and  this  circumstance  may  give  rise  to 
what  is  in  reality  an  insufficiency  of  convergence,  though  it  is 
often  wrongly  spoken  of  as  insufficiency  of  the  internal  recti. 
This  insufficiency,  along  with  any  cause  which  diminishes  the 
value  of  binocular  vision,  is  an  element  of  importance  in  the 
etiology  of  divergent  strabismus. 

Eelative  manifest  divergence  is  often  seen  when  one  eye  is 
myopic,  although  not  to  a  high  degree,  and  with  good  visual 
acuity,  and  the  other  either  emmetropic  or  hypermetropic,  or  it 
may  be  only  slightly  myopic.  The  myopic  eye  is  used  then  for 
the  fixation  of  near  objects,  and  the  other  diverges.  The 
different  states  of  refraction  render  it  impossible  to  obtain 
binocular  vision  in  reading,  and  as  the  reading  can  be  done  by 
the  myopic  eye  withou.t  any  exertion  of  accommodation,  it  is 
almost  invariably  used.  There  is  therefore  nothing  to  keep  up 
a  proper  direction  of  the  other  eye,  as  with  the  absence  of  ac- 
commodative impulse  there  is  no  associated  convergent  impulse. 
Just  as  in  hypermetropia  the  relation  between  accommodation 
and  convergence  tends  towards  over-convergence,  so  in  myopia 
it  tends  towards  too  great  divergence ;  and  as  in  the  first  case 
we  have  seen  that  when  once  the  excessive  convergence  has 
become  manifest  it  tends  to  increase,  so  in  the  case  of  divergence 
the  disuse  of  the  counteracting  conditions  of  innervation  lead 
gradually  to  an  increase  in  its  amount  when  it  has  passed  from 
the  latent  to  the  manifest  form. 

Two  important  forms  of  divergent  strabismus  should  be 
distinguished  :  one  in  which,  notwithstanding  the  divergence, 
convergent  movements  take  place  along  with  the  other  eye ; 
the  other  in  which  such  convergent  movements  are  almost 
entirely  absent,  and  the  diverging  eye  only  moves  in  association 
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with  the  lateral  movements  of  the  other.  In  the  latter  case 
either  the  prolonged  absence  of  the  usual  stimuli  to  convergence 
has  led  to  its  gradual  disappearance  altogether,  or  something  has 
occurred  to  interfere  with  the  central  innervation  which  should 
bring  about  movements  of  convergence. 

The  operations  which  may  be  required  for  the  cure  of 
divergent  strabismus  are  tenotomy  of  one  or  both  external  recti, 
with  advancement  of  the  internal  rectus  of  the  squinting  eye. 
It  is  rare,  indeed,  that  the  internal  rectus  of  the  other  eye  as 
well  requires  to  be  advanced.  The  conditions  in  the  case  of 
divergent  strabismus  are  somewhat  different  from  those  in  con- 
vergent strabismus :  insufficiency  of  the  external  recti  after 
tenotomy  is,  owing  to  the  large  extent  of  the  portion  of  the 
tendon  applied  to  the  globe,  less  likely  to  occur,  and  even 
where  it  does,  as  long  as  parallelism  is  possible,  it  is  of  less 
importance  than  insufficiency  of  the  internal  rectus.  In  most 
cases  it  is  best,  therefore,  to  attempt  to  rectify  the  faulty 
position  by  at  once  performing  tenotomy  of  the  external  and 
advancement  of  the  internal  rectus  in  the  squinting  eye.  This, 
too,  is  all  the  more  advisable,  as  in  many  cases  the  effect  to  be 
got  by  the  tenotomy  alone  is  slight  compared  with  that  wMch 
usually  results  from  tenotomy  of  the  internus. 

When  there  is  good  vision  in  both  eyes,  tenotomy  of  one  or 
both  externi  is  often  sufficient  to  secure  a  good  correction.  The 
most  unsatisfactory  cases  to  operate  on  are  those  in  wliich  the 
convergent  movement  has  been  lost,  as  in  them,  even  although 
the  position  be  corrected  for  distant  fixation,  the  relative  diver- 
gence when  nearer  objects  are  fixed  always  remains.  What  has 
been  said  with  reference  to  the  ultimate  result  of  operations  for 
convergent,  applies  in  the  main  in  the  case  of  those  for  divergent 
strabismus  as  well. 

Upward  or  downward  squints  are,  as  already  said,  rarely  seen 
alone,  though  not  infrequently  met  with  as  a  complication  of  lateral 
deviations.  They  often  remain  after  full  operative  correction  for  the 
convergent  strabismus,  though  they  sometimes  disappear  with  it.  It 
is  not  improbable  that  their  pre-existence  may  give  rise  sometimes  to 
the  lateral  forms,  where  the  other  conditions  favour  convergence  or 
divergence.  It  is  rare  that  any  operation  is  called  for  in  the  case  of 
vertical  squints,  although  tenotomy  of  either  superior  or  uiferior  rectus 
may  sometimes  be  performed. 

Operations  of  this  kind  have  been  performed  of  recent  years, 
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apparently  very  frequently  by  some  American  ophthalmic  surgeons. 
The  reason  why  such  interference,  which  is  unquestionably  altogether 
uncalleel  for,  does  not  lead,  as  a  rule,  to  any  serious  consequences,  is 
that  most  vertical  deviations  are  of  the  same  passive  nature  as  latent 
divergence,  so  that  no  great  retraction  of  the  divided  muscular 
insertion  takes  place.  The  beneficial  results  following  occasionally, 
at  all  events  temporarily,  tenotomies  of  the  superior  and  inferior 
recti,  are,  no  doubt,  due  mainly  to  rest. 

In  a  few  cases  of  vertical  squint,  the  deviation  is  of  another 
nature,  more  allied  to  convergent  strabismus,  in  so  far  as  the  muscles 
are  in  a  state  of  contraction.  The  proper  regulation  of  operations 
undertaken  for  the  relief  of  such  conditions  is  very  difficult.  They 
probably  result  from  some  vicarious  contraction  induced,  in  the  first 
place,  at  a  time  when  there  has  been  a  paretic  condition  of  one  of  the 
lateral  muscles.    But  their  pathology,  in  all  cases,  is  far  from  clear. 

Nystagmus. 

Nystagmus  is  the  name  given  to  involuntary  oscillatory 
movements  of  the  eye.  The  movements  are  mostly  from  side 
to  side,  but  may  be  rotatory  or  almost  entirely  vertical.  They 
are  generally  constant,  but  increase  in  intensity  with  attempts 
at  fixation,  or  when  the  individual  is  in  any  way  excited.  In 
some  cases  the  nystagmus  only  exists  for  certain  directions  of 
fixation,  most  frequently  when  the  eyes  are  directed  upwards. 
There  is  always  some  degree  of  jerky  or  nystagmic  movement 
whenever  the  eyes  are  forcibly  turned  in  any  direction,  and  an 
attempt  made  to  maintain  them  for  any  length  of  time  in  what 
corresponds  to  the  boundaries  of  the  physiological  action  of  the 
respective  muscles.  Nystagmus  is  consequently  a  frequent 
symptom  in  ocular  paralyses,  when  the  eye  is  moved  in  the 
direction  of  the  weakened  muscle. 

Most  cases  of  nystagmus  are  developed  in  early  life  as  the 
result  of  defective  vision  at  a  time  when  the  movements  of  the 
eyes  suited  to  the  requirements  of  fixation  would  otherwise  be 
acquired.  The  education  of  the  co-ordinating  centres  is  thus 
imperfect.  Sometimes  these  centres  appear  to  be  primarily 
affected,  but  little  is  known  as  to  the  cause  of  this.  Nystagmus 
may  be  acquired  in  after  life  as  the  result  of  changes  in  the 
nerve  centres,  or  as  a  consequence,  it  would  seem,  of  some 
altered  states  of  innervation  brought  about  by  abnormal  con- 
ditions of  illumination  and  fixation. 
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A  common  variety  of  acquired  nystagmus  is  what  is  called 
miners'  nystagmus.  In  this  condition  the  irregular  involuntary 
contractions  take  place  mainly  or  entirely  in  looking  upwards, 
and  are  associated  with  the  subjective  symptom  of  a  correspond- 
ing rapid  movement  of  external  objects  which  is  very  disturbing. 
There  can  be  little  doubt  that  miners'  nystagmus  is  caused  by 
the  tiring  of  the  ocular  muscles,  which  are  overstrained  owing 
to  the  constrained  position  in  which  the  eyes  have  to  be  main- 
tained by  the  miner  at  his  work.  Snell  has  shown  very  con- 
clusively that  it  is  only  developed  in  those  whose  work  is  of 
such  a  nature  as  to  necessitate  the  strained  position  of  fixation. 
When  this  constant  straining  is  given  up  the  nystagmus  slowly 
passes  off.  In  this  respect  the  miners'  nystagmus  differs  from 
that  which  is  acquired  owing  to  defective  vision  in  early  life. 
In  the  latter,  too,  there  is  seldom  any  subjective  sensation  of 
movement  of  external  objects. 
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OPEEATIONS. 

General  Eemaeks. 

Operations  are  performed  on  the  eye,  or  its  appendages,  with 
various  objects  in  view.  The  most  important,  and,  when  they 
prove  successful,  perhaps  also  the  most  satisfactory  operations, 
are  those  which  aim  at  the  improvement  of  the  state  of  vision, 
or  the  prevention  of  any  threatened  deterioration  of  vision. 
Some  operations  are  performed  solely  or  mainly  for  the  relief  of 
pain ;  others  again  seek  to  remove  diseased  conditions  which 
endanger  Hfe,  or  to  remedy  deformities  which  entail  danger  to 
the  eye,  while  some  are  mainly  intended  to  have  a  cosmetic  effect. 

Before  proceeding  to  a  detailed  description  of  the  various 
most  suitable  operations,  a  few  general  remarks  as  to  the 
precautions  which  should  be  taken  in  all  cases  may  not  be  out 
of  place,  and  will  at  the  same  time  serve  to  obviate  too  much 
repetition. 

All  the  instruments  used  in  eye  oiperations  must  he  dbsohttely 
clean.  They  must  not  only  be  aseptic,  but  free  from  rust,  blood 
stains,  or  any  foreign  matter.  This  applies  most  urgently  to 
such  as  are,  for  any  purpose,  introduced  into  the  eye.  Any 
little  piece  of  foreign  matter,  even  though  aseptic,  if  it  becomes 
lodged  within  the  eye,  is  capable  of  seriously  impairing  the 
success  of  an  operation.  Little  bits  of  cotton  or  linen  fibre  may 
easily  escape  detection,  and  for  this  reason  the  instruments 
should  not  be  rubbed  with  lint,  cotton  wool,  or  any  material 
from  which  fine  fibres  might  become  detached.  Instruments 
may  be  rendered  aseptic  in  various  ways,  and  it  may  not  always 
be  possible  to  adopt  the  same  method.  Some  antiseptics,  though 
sufficiently  strong,  spoil  the  steel,  others  are  irritating  to  the 
eye.  Boiling  water,  or  a  five  per  cent,  solution  of  carbolic  acid 
are  the  most  practically  useful;  but  before  using  the  instru- 
41 


642 


OPERATIONS. 


ments  after  they  have  been  rendered  aseptic  by  carbolic  acid, 
they  must  be  transferred  to  some  non-irritating  solution.  For 
this  purpose  boracic  acid,  in  the  strength  of  1  to  50,  may  be 
used. 

Besides  being  clean  and  aseptic,  it  is  of  considerable 
importance  to  see  that  the  cutting  instruments,  knives,  scissors, 
needles,  &c.,  are  sharp.  A  sharp  instrument  is  a  desideratum 
in  most  surgical  operations,  but  it  is  very  essential  often  to 
the  success  of  an  operation  performed  on  the  eye,  as  not  only 
is  the  manipulation  of  a  sharp  instrument  much  easier,  but  the 
greater  dragging,  bruising,  and  stretching,  which  may  be  caused 
by  blunt  steel,  is  not  favourable  to  healing  by  first  intention, 
and  may  give  rise  to  troublesome  irritation.  At  the  same  time 
as  the  vitality  of  the  tissues  is  interfered  with  to  a  greater 
extent  than  in  the  case  of  clean  cut  wounds  the  danger  of 
septic  inoculation  from  any  existing  cause  is  increased.  The 
points  and  edges  of  the  knives  should  be  tested  immediately 
before  they  are  used.  This  is  best  done  with  a  little  piece  of 
thin  kid  leather  kept  tightly  stretched  by  an  assistant,  or 
stretched  across  a  small  drum  made  for  the  purpose.  To  a 
sufficiently  sharp  point  this  should  offer  no  appreciable 
resistance,  and  the  keenness  of  the  edge  may  be  inferred  from 
the  ease  with  which  the  leather  is  cut  by  it.  Scissors,  besides 
being  sharp,  should  have  their  blades  sufficiently  tightly 
screwed  together  to  cut  readily  at  the  points. 

It  is  necessary  to  have  a  good  light  on  the  eye  tohilst  opera- 
ting. The  table  or  couch  must  therefore  be  so  placed  that  the 
operator  or  his  assistants  do  not  intercept  the  light,  which  should 
preferably  come  from  one  side  alone.  When  artificial  light  is 
required,  the  rays  from  a  paraffin  lamp  may  be  focussed  on  the 
eye  by  means  of  a  large  convex  lens  held  by  an  assistant.  A 
useful  little  lamp  for  this  purpose  has  been  invented  by  Priestley 
Smith.  It  is  practically  a  small  bull's-eye  lantern,  which  affords 
an  excellent  illumination,  and  is  easily  held  in  a  convenient 
position  for  operating.  Incandescent  electric  lanterns  have  been 
devised,  and  are  in  use,  but  do  not  offer  any  advantage  over 
Priestley  Smith's  lamp,  and  are  besides  much  more  expensive. 
During  an  operation  on  the  eye  itself,  care  must  be  taken  that 
the  patient's  head  is  firmly  held.  This  may  be  done  by  an 
assistant,  who  should  kneel  in  order  to  be  out  of  the  way  of  the 
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operator.  With  one  hand  on  either  side  of  the  head  it  may  be 
securely  fixed.  Another  plan,  often  adopted,  is  for  an  assistant 
on  either  side  to  hold  one  of  the  patient's  ears,  or  the  two  ends 
of  a  cloth  passed  over  his  forehead.  Some  operating  chairs 
and  couches  are  fitted  with  an  arrangement  for  fixing  the 
head. 

The  introduction  of  cocoCims  as  a  local  anesthetic  has  in  great 
measure  done  away  with  the  employment  of  general  anaesthesia 
in  eye  operations.  The  more  important  operations  for  the 
improvement  of  vision  can  now  generally  be  performed  with  the 
aid  of  cocaine,  without  causing  any  pain ;  so  that  the  question 
as  to  whether  general  anaesthesia  was  advisable  or  not  in  suck 
operations,  a  point  on  which  different  opinions  were  held,  no 
long;er  calls  for  discussion.  A  solution  of  muriate  of  cocaine,  of  a 
strength  varying  from  2  per  cent,  to  10  per  cent.,  is  used  to  drop 
into  the  conjunctival  sac.  The  solution  should  be  made  up  with 
some  antiseptic  (corrosive  sublimate  or  boracic  acid),  so  as  to 
obviate  the  possibility  of  introducing  any  micro-organisms  into 
the  eye.  "When  the  stronger  solutions  are  used  the  point  of  the 
finger  should  be  pressed  against  the  skin  over  the  tear  sac  to 
prevent  the  cocaine  passing  down  into  the  nose,  and  from  there 
to  the  stomach.  The  patient  should  be  told  to  keep  his  eye 
closed  after  the  drops  have  been  applied.  If  this  is  not  done, 
there  is  a  tendency  to  a  rapid  dessication  of  the  surface  layers 
of  the  cornea,  on  account  of  the  insensibility  which  the  anes- 
thetic produces  checking  the  normal  blinking,  and  probably  also 
the  flow  of  the  natural  lubricants. 

The  value  of  antiseptics  in  eye  operations  is  now  so  definitely 
established  that  it  is  nothing  short  of  inexcusable  not  to  make 
use  of  them.  Septic  inoculations  cannot  invariably  be  avoided 
by  such  antiseptic  precautions  as  it  is  possible  to  take,  although 
their  frequency  can  be  greatly  diminished.  The  reason  of  this 
is,  in  all  probability,  that  the  worst  sources  of  danger  are  not 
external  to  the  eye,  but  in  the  eye  itself.  The  use  of  antiseptic 
appUcations  in  the  manner  about  to  be  described,  and  the  atten- 
tion to  absolute  cleanliness  and  asepticity  in  the  instruments 
already  insisted  upon,  is  no  doubt  sufficient  to  prevent  the  possi- 
bility of  infection  from  without.  It  is  otherwise,  however,  with 
any  micro-organisms  which  may  be  lodged  in  the  conjunctival 
sac,  or  which  may  find  their  way  into  it  from  the  tear  passages. 
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They  cannot  be  destroyed  with  certainty,  and  the  tying  up  of 
the  eye  even  with  an  antiseptic  bandage  not  only  does  not 
exclude  them,  but  rather  tends,  owing  to  the  retention  of  the 
secretions,  to  favour  their  development  or  multiplication.  In 
cases,  therefore,  where  their  existence  is  more  than  usually 
obvious,  as  where  there  is  a  chronic  conjunctivitis  or  blenorrhoea 
of  the  sac,  it  is  necessary  to  adopt  special  antiseptic  precautions, 
and  sometimes,  if  possible,  to  defer  operating  until  there  is 
reason  to  believe  that  such  local  sources  of  danger  have  been 
removed  or  mitigated.    The  most  useful  antiseptics  for  local 
application  are  solutions  of  corrosive  sublimate,  and  iodoform. 
The  former  is  mostly  used  in  the  strength  of  1  to  5000.  In 
this  dilution  it  is  almost  always  found  to  be  non-irritating,  though 
cases  do  occasionally  occur  where  some  irritation  is  caused  even 
by  such  a  weak  solution.    It  has  been  shown  by  Sattler  that  a 
solution  of  that  strength  is  a  sufficiently  powerful  germicide,  and 
clinical  experience  fully  bears  this  out.    Stronger  solutions  may 
be  used  where  there  are  unusual  risks.    According  to  Sattler,  a 
solution  1  to  10,000  of  the  biniodide  of  mercury  in  one  of  1  to 
5000  of  the  bichloride  is  still  more  powerfully  antiseptic.  I 
have  frequently  used  such  a  solution  freely,  and  found  it  to  be 
non-irritating  and  apparently  at  least  just  as  efficacious  as  the 
other.    Solutions  of  the  biniodide  of  mercury  alone  are  not  so 
good,  although  they  are  recommended  by  some.    The  watery 
solutions  are  too  weak  to  be  sufficiently  powerfully  antiseptic, 
and  stronger  solutions  in  other  solvents  are  more  often,  in  my 
experience,  irritating.    According  to  bacteriologists,  iodoform  is 
a  very  poor  antiseptic.    No  doubt  this  is  the  case,  but  it  has 
the  advantage  of  remaining  longer  in  siho,  and  of,  to  some  extent, 
acting  as  a  cement  between  the  lips  of  a  wound,  properties 
which,  partly  at  all  events,  make  up  for  its  feebler  antiseptic 
properties.    A  stronger  non-irritating  antiseptic  of  the  same 
kind  is  a  desideratum  which  has  not  yet  been  discovered. 

Before  performing  any  operation,  the  conjunctival  sac  should 
be  thoroughly  washed  out  with  corrosive  sublimate  solution, 
and  the  surrounding  skin,  eyelashes,  and  eyebrows  also  carefully 
cleansed.  From  time  to  time,  too,  during  an  operation,  the  lotion 
may  be  brought  in  contact  with  the  eye  either  by  pouring  it  in 
a  small  stream  from  a  narrow-necked  bottle,  or  by  squeezing 
it  from  a  piece  of  absorbent  cotton  wool.     The  antiseptic 
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lotion  probably  acts  in  two  ways — first  as  a  germicide,  and 
secondly  by  washing  away  from  the  wound  the  fluid  which 
contains  the  germs.  It  is  not  unhkely  that  the  latter  is  its 
most  efficient,  perhaps  indeed  its  only  efficient,  action.  The 
methods  of  dressing  will  be  referred  to  in  connection  with  the 
separate  operations.  Beyond  the  precautions  referred  to,  viz., 
attention  to  asepticity  of  instruments  and  of  anything  brought 
in  contact  with  the  eye,  and  the  use  of  frequent  irrigation, 
nothing  further  is  required  in  the  way  of  antiseptics.  Some 
few  operators  as,  e.g.  Hirschberg  of  Berlin,  attach  importance  to 
operating  in  an  aseptic  or  supposed  aseptic  atmosphere.  To 
do  this  they  take  the  most  elaborate  precautions  in  the 
arrangement  of  their  operating  rooms,  use  a  special  dress  for 
operating,  &c.  Such  precautions  are  simply  an  evidence  of  an 
inability  to  understand  the  true  nature  of  the  sources  from 
which  the  risks  of  septic  inoculation  arise.  They  do  not  lead 
to  any  further  reduction  in  the  number  of  inoculations  than 
a  conscientious  attention  to  the  simple  precautions  which  are 
recommended  against  the  real  sources  of  danger,  viz.,  the 
introduction  of  septic  matter  by  the  hands,  lotions,  or  instru- 
ments, and  the  self-inoculation  which  may  take  place  from  the 
secretions  of  the  conjunctiva  and  tear-sac. 

Opekations  on  the  Eyelids. 

Repositio  ciliorum  is  a  very  old  and  elegant  method  of 
rectifying  the  position  of  faultily  directed  eyelashes.  It  may  be 
employed  when  only  a  few  are  misdirected.  A  small  curved 
needle,  through  the  eye  of  which  the  two  ends  of  a  fine  silk  or 
horse-hair  suture  are  threaded,  is  passed  in  through  the  margin 
of  the  lid  close  to  and  in  front  of  the  root  of  the  misdirected 
eyelash.  It  is  then  brought  out  through  the  skin  in  the 
immediate  neighbourhood  of  the  lid  margin.  The  thread  is 
pulled  through  until  only  a  small  loop  remains.  This  loop  is 
then  made  to  surround  the  lash,  which  with  it  is  pulled  through 
the  channel  made  by  the  needle,  and  thus  altered  in  its  direction. 
Care  must  be  taken  not  to  pull  on  the  eyelash  too  forcibly  while 
getting  the  loop  round  it,  so  as  not  to  tear  it  out  by  the  root. 
This  method  does  not  always  lead  to  the  desired  effect  of  pro- 
ducing a  permanent  improvement  in  the  direction  of  the  eyelash; 
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indeed  the  effect  is  often  only  temporary.  A  more  efficient  little 
operation  is  the  following. 

Destruction  of  the  hair  follicles  tuith  the  actual  cautery. — Fig. 
175  represents  the  form  of  the  cautery  generally  used  for  this 
purpose.  Electrolysis  has  also  been  employed  in  the  same 
manner  as  for  the  removal  of  superfluous  hairs  elsewhere. 

Epilation  with  a  pair  of  cilia  forceps  is  often  all  that  is 
required,  as  it  can  be  done  by  the  patient's  friends  or  even  by 
the  patient  himself,  whenever  the  lashes  begin  to  grow.  Not 
infrequently  repeated  epilation  brings  about  the  cessation  of  the 
growth  of  the  lash  altogether. 

Operations  for  Entropion. 

In  cases  of  spasmodic  or  senile  entropion  of  the  lower  lid, 
where  a  sufficient  improvement  is  not  obtained  by  means  of 
collodion  or  plasters,  the  inversion  of  the  lid  margin  may 


Fig.  175. 


generally  be  corrected  either  by  a  thread  operation  or  by  the 
removal  of  an  elliptical  piece  of  skin.  When  these  are  not 
sufficient,  as  is  sometimes,  though  only  rarely,  the  case,  it  is 
necessary  to  perform  a  canthoplastic  operation  in  addition. 

Thread  operation  for  spasmodic  entropion  (Gaillard's). — A  fold 
of  skin  is  caught  up  with  a  pair  of  T-shaped  forceps,  or  simply 
between  the  forefinger  and  thumb.  The  size  of  the  fold  should  be 
regulated  by  the  effect  which  it  is  desired  to  produce,  but  should 
always  be  big  enough  to  give  rise  at  the  time  to  a  distinct  ever- 
sion  of  the  lid  margin.  A  needle  threaded  with  a  piece  of  silk 
or  catgut  is  then  passed  from  below  upwards,  through  the  base 
of  the  fold  of  skin,  and  at  about  the  junction  of  the  middle  with 
the  inner  or  outer  third  of  the  lid.  The  needle  is  brought  out 
through  the  skin  close  to  the  lid  margin  and  then  entered  again, 
at  a  distance  of  one-eighth  of  an  inch  or  so  from  its  point  of 
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exit,  and  carried  back  below  tbe  flap,  and  finally  brought  out 
about  quarter  of  an  inch  from  where  it  was  first  introduced.  A 
second  thread  is  then  introduced  in  exactly  the  same  way,  at 
about  the  other  end  of  the  middle  third  of  the  lid  aperture.  The 
two  loops  thus  formed  are  tightened  by  knotting  the  ends  of  the 
threads  together  over  pieces  of  drainage  tubing.  If  silk  threads 
be  used  they  may  generally  be  removed  after  two  days.  Catgut 
ones,  on  the  other  hand,  may  be  left  until  they  fall  out.  In  my 
experience  the  former  are  preferable. 

Another  thread  operation,  the  effect  of  which  is  less  permanent, 
is  performed  as  follows  :— A  small  portion  of  skin  near  the  lid 
margin  is  included  in  a  suture,  one  end  of  which  is  then  cut 
short.  Another  small  bit  of  skin,  lower  down  over  the  orbital 
margin,  is  caught  up  with  a  thread  in  the  same  way,  the  one  end 
of  which,  after  being  knotted,  is  cut  short.  By  then  knotting 
together  the  two  ends  which  have  been  left  long,  the  two 
points  of  skin  are  approximated,  with  the  result  that  a  traction 
is  brought  to  bear  on  the  inverted  margin  of  the  hd.  Two 
sutures  applied  in  this  manner  are  usually  required.  TMs 
little  operation  is  very  favourably  spoken  of  by  Arlt,  but 
as  I  have  always  found  the  one  first  described  perfectly  efficient, 
I  have  no  personal  experience  of  it. 

Excision  of  a  fold  of  sZ;m.— When  the  skin  is  very  markedly 
redundant,  the  simplest  method  of  rectifying  the  entropion  is  to 
remove  an  elliptical  piece.  The  amount  to  be  removed  may  be 
calculated  from  the  effect  produced  on  nipping  up  a  fold  in  the 
manner  already  described.  Three  sutures  are  afterwards  em- 
ployed to  bring  the  edges  of  the  wound  together,  and  permit  of 
healing  by  first  intention.  The  only  thing  to  take  care  of  is  not 
to  produce  too  great  an  effect  to  the  inner  side,  so  as  not  to  get 
a  permanent  eversion  of  the  punctum  lachrymale.  Sometimes, 
instead  of  a  horizontal  fold,  one  or  more  elliptical  portions  of 
skin  are  removed  in  a  vertical  direction.  This  is  rarely  as 
satisfactory,  and  more  likely  to  leave  visible  cicatrices. 

Operations  for  Trichiasis  and  Cicatricial  Entropion. — The 
performance  of  these  operations  is  greatly  facilitated  by  the  aid 
of  what  is  known  as  Snellen's  clamp,  an  instrument  by  which 
the  circulation  in  the  lid  is  stopped,  so  that  the  operator  can 
see  exactly  what  he  is  doing. — (See  Fig.  176.) 

The  misdirected  eyelashes  may  be  removed  altogether. 
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without  shortening  of  the  lid,  by  Flarer's  operation.  By  an 
intermarginal  incision  all  the  tissues  in  front  of  the  tarsus 
are  dissected  up  as  far  as  the  ends  of  the  hair  bulbs  of  the  cilia. 
The  lid  is  thus  split  into  two  portions  for  some  distance  from 
its  margin.  The  anterior  flap  formed  in  this  way  is  then  cut 
away  by  an  incision  carried  through  the  skin  from  above. 
When  some  of  the  misdirected  eyelashes  are  close  to  the 
outer  canthus,  it  is  necessary  to  extend  the  marginal  incision 
beyond  the  canthus  by  carrying  it  horizontally  outwards  to 
the  extent  of  a  quarter  of  an  inch  or  more,  while  the  upper 
incision  is  at  the  same  time  enlarged  so  as  to  meet  it.  Care 
must,  of  course,  be  taken  that  all  the  hair  bulbs  are  completely 
removed,  otherwise  some  of  the  cilia  will  afterwards  grow  in 
again. 

This  operation,  whicli  was  at  one  time  very  much  practised,  while 
it  effectually  obviates  the  irritation  produced  by  the  turned-iu  eye- 


Fig.  176. 

lashes,  is  now  almost  entirely  abandoned,  on  account  of  the  lumecessary 
mutilation  which  it  causes.  It  is  generally  possible  to  transplant  the 
portion  of  the  Hd  containing  the  hair  bulbs  in  such  a  mamier  as 
to  produce  a  permanent  improvement  in  their  direction.  Flarer's 
operation  is  only  suitable  in  cases  Avhere  most  of  the  eyelashes  are 
already  lost,  and  those  wliich  are  retained  are  bristly  and  discoloured. 
It  may  also  be  combined  with  other  methods  of  operation  in  cases 
of  distichiasis,  the  inner  row  bemg  removed  while  the  outer  is 
transplanted. 

Those  who  previously  attempted  the  cure  of  trichiasis  by  removal 
of  the  tissues  containing  the  hair  bulbs  did  so  by  cuttmg  away  the 
whole  thickness  of  tlie  lid.  This  not  only  produced  an  unsightly 
shortening  of  the  lid,  but  apparently  often  gave  rise  to  irritation 
owmg  to  the  inversion  of  the  cicatrix  formed. 

Von  Graefe's  Operation. — A  method  of  operating  for  trichiasis. 
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which  is  both  simple  and  efficient,  and  which  was  first  recom- 
mended by  von  Graefe  as  a,  modification  of  Arlt's  operation,  is 
the  following  :— After  splitting  up  the  lid  from  its  margin  into 
two  flaps,  as  in  Flarer's  operation,  two  incisions,  vertical  or 
shghtly  diverging,  are  made  from  either  extremity  of  the  flap 
containing  the  hair  bulbs,  and  which  is  to  be  transplanted. 

These  incisions  should  extend  for  one-third  of  an  inch  upwards 
through  the  skin  and  orbicularis  muscle.  The  outer  and  inner 
edges  of  the  skin  flap  are  then  stitched  to  about  the  middle  of  the 
vertical  incisions  on  either  side,  and  the  edges  thus  considerably 
raised.  The  rest  of  the  flap  is  raised  by  the  excision  of  an 
elliptical  portion  of  skin  from  the  lid,  the  edges  of  the  wound 
caused  by  which  are  brought  together  by  stitches.  This  opera- 
tion is  also  very  suitable  for  cases  of  partial  trichiasis.  In  bad 
cases  of  distichiasis,  von  Graefe's  operation  may  be  combined  with 
canthoplasty. 

The  idea  of  transplanting  the  cilia  in  this  niamaer  seems  first  to 
have  occurred  to  Jaesche,  a  Eussian,  in  1844.  Jaesche's  operation 
consisted  in  separatiag  the  lid  margin  altogether,  except  at  its  outer 
and  inner  ends,  from  the  rest  of  the  hd  by  means  of  an  incision 
slanting  upwards  from  the  conjunctival  to  the  skin  surface,  and  then 
raising  the  quadrangular  portion  thus  separated,  and  with  it  the  hair 
bulbs,  by  removing  a  good  large  piece  of  skin  from  the  surface  of  the 
Hd,  and  bringing  the  edges  of  the  wormd  made  in  this  manner  together 
with  sutures.  This  operation  was  found  to  be  pretty  often  followed 
by  necrosis  of  the  transplanted  lid  margin,  and  was  therefore  modified 
by  Arit,  who,  instead  of  entirely  separating  the  marginal  portion  of 
the  lid  from  its  conjunctival  to  its  skin  surface,  substituted  Flarer's 
incision,  dividing  it  into  an  anterior  and  posterior  flap.  The  opera- 
tion performed  in  that  way  generally  goes  by  the  name  of  the  Jaesclie- 
Arlt  operation  for  tricliiasis,  and  is  still  in  use.  It  has,  however,  the 
disadvantage  that  while  it  sufficiently  rectifies  the  position  of  the 
lashes  at  the  centre  of  the  lid,  it  efi'ects  less  change  on  those  situated 
near  the  angles. 

Another  method  of  operating  for  trichiasis,  which  gives  very 
good  results  and  is  easy  of  execution,  consists  in  uniting  the 
skin  above  the  lid  margin  to  the  upper  border  of  the  tarsal 
cartilage.  This,  which  seems  first  to  have  been  practised  by 
Anagnostakis,  has  recently  been  revived  by  Hotz.  Hotz's 
operation  is  performed  as  follows  : — A  cut  is  made  through  the 
skin  of  the  lid  on  a  level  with  the  upper  border  of  the  tarsus  of 
the  upper  lid,  or  the  lower  border  of  the  tarsus  of  the  lower  lid. 
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A  layer,  3  to  4  millimetres  in  breadth,  of  muscular  fibres  over- 
lying the  tarsus  is  then  excised.  The  edges  of  the  wound  in  the 
skin  are  finally  brought  together  by  stitches,  which  are  passed 
through  the  upper  border  of  the  tarsus.  The  two  points  to  be 
attended  to  in  order  to  ensure  success  by  this  operation  are — (1) 
the  position  of  the  section  in  the  skin,  which  must  throughout 
be  on  a  level  with  the  upper  border  of  the  cartilage,  and  (2)  the 
proper  position  of  the  sutures,  which  must  firmly  include  the 
upper  edge  of  the  tarsus.  Hotz  claims  the  following  advantages 
for  this  method : — that  it  attains  the  aim  in  view  without  the 
least  shortening  of  the  skin,  and  on  this  account  may  be  em- 
ployed in  cases  in  which,  owing  to  the  shortening  produced  by 
previous  operations,  other  methods  are  not  available ;  that  it  in 
no  way  interferes  with  the  shape  or  function  of  the  lid ;  and, 
finally,  that  the  stretching  of  the  skin  which  restores  the  margin 
of  the  lid  to  its  proper  position  is  the  same  whether  the  lid  is 
raised  or  depressed,  which  is  not  the  case  when  a  piece  of  skin 
is  excised. 

Many  other  operations  for  trichiasis  are  in  use,  but  either  of  the 
methods  above  described,  if  properly  performed,  serves  the  purpose 
admirably.  Personally,  I  am  in  the  iiabit  of  performing  von  Graefe's 
when  there  is  plenty  of  skin,  and  Hotz's,  or  some  modification  of  it, 
in  cases  where  it  is  undesirable  to  remove  any  skin.  The  latter  cases 
are  generally  such  in  which  some  skin  has  previously  been  removed, 
but  in  which,  owing  to  inattention  to  the  other  details,  a  sufficiently 
permanent  effect  has  not  resulted. 

In  cases  of  entropion,  when  there  is  much  curving  of  the 
tarsus,  it  is  generally  advisable  to  perform  a  different  operation, 
the  object  of  which  is  to  rectify  as  much  as  possible  the 
cicatricial  incurving.  The  operations  best  suited  for  this 
purpose  are  those  of  Streatfield  and  Snellen. 

Streatfield's  operation,  to  which  he  gave  the  name  of 
"  G-rooving  of  the  fibro-cartilage,"  is  performed  as  follows : — 
An  incision,  parallel  with  the  margin  of  the  upper  lid,  and  2  or 
3  millimetres  from  it,  is  made  through  the  skin.  A  second 
incision  is  then  made  higher  up,  which  throughout  the  greater 
part  of  its  extent  is  also  from  2  to  3  millimetres  separated  from 
the  first,  but  joins  it  at  either  extremity.  The  portion  of  skin 
thus  marked  out  is  next  removed  along  with  the  muscular  fibres 
underlying  it,  and  the  tarsus  laid  bare.    The  incisions  are  then 
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extended  in  depth  into  the  tarsus,  being  at  the  same  time  con- 
verged towards  each  other  so  as  to  meet  at  or  near  its  lower 
surface.  The  complete  removal  of  the  wedge-shaped  portion  of 
tarsus  marked  out  in  this  way  is  then  effected  by  grasping  it  at 
one  end  with  a  pair  of  fine-toothed  forceps,  and  dividing  any 
part  where  the  incisions  have  not  quite  met.  No  sutures  are 
used,  the  wound  being  allowed  to  cicatrize.  From  this  proceed- 
ing a  firm  deep  cicatrix  results,  which  not  only  leads  to  a 
straightening  of  the  incurved  cartilage,  but  to  a  tacking  down 
practically  of  the  Hd  margin  in  a  position  in  which  the  eyelashes 
are  more  normally  directed,  and  thus  a  permanent  improvement 
is  obtained. 

Snellen's  operation. — Snellen  has  improved  considerably  on 
the  original  grooving  operation,  and  his  method  has  come  into 
very  general  use,  and  certainly  leads  to  most  satisfactory  results. 
After  having  applied  the  entropion  forceps  or  clamp,  an  incision 
is  made  through  the  skin  and  muscular  fibres  overlying  the  middle 
or  most  convex  portions  of  the  tarsus,  and  parallel  with  the  lid 
border.  A  sufficient  portion  of  the  tarsus  is  then  laid  bare  by 
undermining  the  edges,  more  especially  the  upper  edge,  of  this 
incision.  A  wedge-shaped  portion  of  tarsus  is  next  removed  as 
in  Streatfield's  operation.  After  this  has  been  done  sutures  are 
inserted  in  the  following  manner : — Three  threads  with  a  needle 
at  either  end  may  be  used.  One  needle  is  passed  deeply 
through  the  centre  of  the  upper  Hp  of  the  wound  in  the  tarsus, 
then  carried  down  between  the  fibres  of  the  orbicularis  and  the 
lower  portion  of  the  surface  of  the  tarsus,  and  brought  out 
through  the  skin  above  to  the  margin  of  the  lid.  The  other 
needle  is  passed  in  the  same  way  under  the  skin  and  muscle  a 
short  distance  from  the  first,  and  brought  out  at  the  same 
distance  from  the  lid  margin,  and  about  a  quarter  of  an  inch  to 
the  side  of  the  first.  The  other  two  sutures  are  applied  in  the 
same  manner  to  the  outer  and  inner  side  of  the  central  one  and 
the  ends  of  each  of  the  three  loops  knotted  over  pieces  of  thin 
drainage  tubing,  or,  as  Snellen  recommends,  glass  beads.  After 
knotting,  the  ends  are  not  cut  short,  but  turned  up  and  secvired 
by  means  of  adhesive  plaster  to  the  forehead.  ISTo  sutures  are 
put  in  the  skin.  By  means  of  this  operation  the  rectification  of 
the  position  of  the  eyelashes  is  at  once  obtained  by  a  straighten- 
ing of  the  tarsus.    The  only  point  which  specially  requires 
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attention  is  to  see  that  the  grooving  is  carried  out  throughout 
the  whole  extent  of  the  tarsus  and  not  forgotten  at  tlie  two 
extremities.  An  operation  which  is  essentially  a  combination  of 
grooving  of  the  tarsus  and  Hotz's  operation  is  largely  practised 
in  Eussia,  where  cases  of  entropion  are  of  great  frequency. 

Another  method  of  operating  for  entropion  may  be  men- 
tioned. It  consists  in  transplanting  mucous  membrane  into 
the  wound  made  by  an  incision  at  the  lid  margin.  This  plan 
was  introduced  by  van  Millingen,  and  has  lately  been  modified 
and  improved  by  Benson  {vide  British  Medical  Journal,  February 
7th,  1891),  who  has  employed  it  in  a  very  large  number  of 
cases  with  excellent  results.  Benson  dissects  with  forceps  and 
scissors  a  flap  3  or  4  millimetres  wide  from  the  mucous 
membrane  of  the  lower  lip,  and  after  carefully  freeing  it  of 
submucous  tissue  applies  it  to  the  wound  in  the  hd  made  by 
an  intramarginal  incision.  The  flap  is  secured  in  position  by 
means  of  six  or  seven  sutures.  The  whole  operation  is  per- 
formed without  removing  Snellen's  clamp. 

My  own  experience  of  this  method  of  operating  is  limited, 
but  so  far  as  it  goes  is  quite  sufficient  to  satisfy  me  of  its 
efficacy.  My  colleague.  Dr.  Argyll  Eobertson,  has  used  it 
more  frequently,  and  obtained  excellent  results.  The  only 
drawbacks  which  may  be  mentioned  in  connection  with  it,  and 
they  are  unimportant,  are,  that  it  is  tedious  and  that  the 
thickening  of  the  lid  margin  which  it  sometimes  causes 
is  rather  unsightly.  Instead  of  transplanting  mucous  mem- 
brane, some  operators  have  employed  Thiersch's  method  of 
skin-grafting  with  equal  success. 

Canthoplasty  is  an  operation  which  is  useful  in  cases  of 
chronic  inflammation  of  the  conjunctiva  and  cornea,  and  which 
may  often  advantageously  be  combined  with  operations  for  the 
cure  of  trichiasis  and  entropion.  Wlien  it  is  desired  for  any 
purpose  to  effect  a  permanent  enlargement  of  the  Ud  aperture, 
it  is  of  course  necessary  to  prevent  the  opening  made  in  the  skin 
of  the  lid  from  healing  together  again.  This  can  generally  be 
effected  by  a  simple  transposition  of  the  conjunctiva  in  the 
following  manner: — One  blade  of  a  strong  pair  of  straight 
strabismus  scissors  is  passed  into  the  conjunctival  sac  at  the 
outer  canthus,  and  made  to  push  the  tissues  in  front  of  it  as 
far  as  possible.    A  firm  snip  is  then  made  with  the  scissors, 
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the  other  blade  of  which  cuts  through  the  skin,  so  that  a 
straight  wound  is  made  in  the  direction  of  prolongation  of  the 
lid  aperture.  The  wound  thus  made  at  once  gapes,  and  after 
the  bleeding  has  been  to  some  extent  stopped,  three  sutures 
are  applied. — (See  Fig.  177.)  The  first  unites  the  centre  of  the 
wound  in  the  conjunctiva  to  the  apex  of  the  skin  wound,  while 
the  other  two  bring  the  sides  of  the  conjunctiva  thus  dragged 
outwards  into  apposition  respectively  with  the  upper  and  lower 


Fig.  177.— (After  Wecker.) 

lips  of  the  external  wound.  In  this  manner  healing  takes  place 
between  the  conjunctiva  and  skin,  and  prevents  reunion  of  the 
divided  tissues.    No  dressing  is  required. 

This  proceeding  is  rendered  possible  by  the  looseness  of  the  con- 
junctiva which  usually  exists.  Where  a  sinoilar  operation  is  indi- 
cated in  cases  where  the  conjunctiva  has  undergone  degenerative 
changes,  and  can  therefore  not  be  transplanted  in  this  manner,  the 
aperture  may  be  kept  open  by  transplanting  skin.    An  operation  of 
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this  kind,  which  gives  very  good  results,  was  first  recommended  by 
Kuhnt.  A  flap  of  skin,  the  shape  of  which  is  shown  in  Fig.  178, 
is  cut  from  the  upper  or  lower  lid.  The  base  of  this  flap,  one  quarter 
of  an  inch  or  so  in  breadth,  should  have  its  centre  in  a  line  with 
the  lid  aperture.  The  flap  should  contain  nothing  but  skin.  After 
it  has  been  cut  the  enlargement  of  the  aperture  may  be  made  with  the 
scissors  in  the  manner  just  described.  The  conjuactiva  is  then 
■undermined  for  a  short  distance.  After  this  has  been  done  the  skin 
flap  is  turned  into  the  wound,  and  its  end  inserted  below  the  con- 
junctiva, while  the  edges  of  the  skin,  from  which  the  flap  has  been 
cut,  are  brought  together  by  sutures.  An  antiseptic  dressing  is  then 
applied,  and  left  unchanged  for  two  or  three  days.  It  is  best  not  to 
put  any  stitches  into  the  skin  flap,  but  merely  push  it  under  the  con- 


FiG.  178.— (After  Kuhnt.) 

jimctiva  for  some  distance,  to  leave  room  for  shrinkage.  It  gradually 
assumes  more  and  more  of  the  character  of  mucous  membrane. 

Operations  foe  Conjunctival  Ecteopion. 

For  conjunctival  ectropion,  or  that  form  which  is  the  result 
of  chronic  conjunctivitis  and  consequent  paralysis  of  the 
palpebral  portion  of  the  orbicularis  muscle,  two  methods  of 
operating  may  be  recommended.  These  operations  are  Snellen's 
thread  operation  and  the  excision  of  a  triangular  piece  of  skin 
from  the  outer  part  of  the  lid.  By  these  methods,  either  singly 
or  combined,  a  satisfactory  result  can  always  he  obtained. 

The  object  of  Snellen's  operation  is  to  exert  a  traction  on  the 
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everted  conjunctiva,  so  that  it  becomes  permanently  inverted,  and 
thus  comes  to  occupy  a  more  normal  position.  This  he  effects  in 
the  following  manner : — Two  strong  waxed  silk  threads  with  a 
needle  at  either  end  are  required.  The  needles  should  be  curved 
slightly  towards  their  points,  but  straight  for  the  greater  part  of 
their  length,  which  should  be  preferably  about  one  inch  and  a 
half.  One  needle  is  passed  through  the  conjunctiva  at  a  point 
rather  to  the  inner  side  of  the  middle  of  its  inner  half.  The 
point  selected  must  be  at  the  highest  part  of  the  everted  eon- 
junctiva.  After  perforating  the  conjunctiva  it  is  directed 
forwards  so  as  to  pass  towards  the  skin  immediately  below  the 
border  of  the  lid.  When  it  has  reached  this,  as  can  be  felt 
with  the  finger  of  the  other  hand,  it  is  passed  downwards  below 
the  skin,  and  brought  out  as  far  down  as  possible,  an  inch  or  so 


Fig.  179. — Showing  position  of  threads  in  Snellen's  operation  before  ^ 
and  after  knotting. — (After  Fuchs.) 

below  the  lid  margin.  The  second  needle  of  the  first  thread  is 
entered  in  the  same  way  a  few  millimetres  to  the  outer  side  of 
the  first,  and  brought  out  at  a  point  a  quarter  of  an  inch  or  so 
from  its  point  of  exit.  The  second  thread  is  introduced  in 
exactly  the  same  way  at  the  outer  half  of  the  everted  lid.  Two 
loops  are  thus  formed,  the  ends  of  which  are  firmly  tied 
together  over  pieces  of  drainage  tubing.  The  knotting  of  the 
threads  should  be  made  with  sufficient  firmness  to  produce  at 
the  time  a  considerable  degree  of  entropion.  According  to  the 
efi'ect  required,  these  threads  are  allowed  to  remain  from  two  to 
four  days  before  being  removed.  In  very  bad  cases  three  threads 
may  be  used  instead  of  two,  or  the  operation  may  be  combined 
with  the  excision  of  a  triangular  piece  from  the  outer  side 
of  the  lid. 
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The  excision  of  a  piece  of  lid  in  this  situation  is  in  many 
cases  sufficient  to  correct  the  ectropion  without  anything 
further,  and  is  the  best  operation  to  perform  in  cases  where 
there  is  a  distinct  redundancy  of  the  skin  of  the  lower  lid.  It 
is  not  necessary  to  pare  the  edges  of  the  lids,  but  merely  to 
remove  a  portion  of  the  whole  thickness  of  the  lid,  and  then 
bring  the  edges  together  with  several  sutures. 

Two  modifications  of  Snellen's  operation  are  practised,  introduced 
respectively  by  De  Wecker  and  Argyll  Kobertson.  Of  the  first  I 
have  no  experience ;  the  second  can  certainly  be  relied  upon  to  pro- 
duce the  desired  elfect,  but  is  more  complicated  and  less  rapid  in  its 
action  than  Snellen's,  owing  to  the  threads  being  passed  through  the 
conjimctiva  at  the  bottom  of  the  fold,  between  its  palpebral  and 
ocidar  portions,  and  not  at  the  highest  point.  It  is  besides,  consider- 
ably more  painful  for  the  patient. 

Operations  foe  Cicatricial  Ectropion. 

Much  will  depend  on  the  position  and  extent  of  the  cica- 
tricial tissue  in  determining  what  operation  will  be  most  suitable 
in  any  given  case.  When  the  ectropion  is  due  to  a  loss  of 
substance  which  involves  the  lid  above,  or  when  some  portion 
of  the  skin  is  tacked  down  and  incorporated  with  a  deep  cicatrix 
at  the  margin  of  the  orbit,  it  will  generally  be  possible  to  rectify 
it  by  undermining  the  surrounding  skin  and  gliding  it  over  the 
underlying  tissue  in  such  a  way  as  to  relieve  the  dragging  which 
causes  the  e version  of  the  conjunctiva.  The  most  suitable 
of  the  many  plastic  operations  for  this  purpose  is  Wharton 
Jones'.  In  some  cases,  again,  where  the  loss  of  substance  has 
been  so  extensive  that  no  satisfactory  flap  is  to  be  got  any- 
where near  the  eye,  a  transplantation  from  some  other  part  of 
the  body  is  called  for.  The  success  which  almost  constantly 
attends  this  method  of  operating  causes  it  to  take  the  place  to  a 
great  extent  of  plastic  operations,  which  are  consequently  rarely 
necessary. 

Wharton  Jones'  operation  consists  in  making  a  V-shaped 
incision,  with  the  apex  directed  away  from  the  margin  of  the  lid, 
and  after  freeing  the  skin  thus  marked  out  from  the  underlying 
tissues,  as  well  as  undermining  the  skin  to  either  side,  putting 
in  sutures  so  as  to  unite  the  wound  in  the  shape  of  a  Y.  The 
size  of  the  V  as  well  as  the  extent  to  which  the  skin  is  to  be 
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loosened  will  depend  on  the  degree  of  ectropion.  This  operation 
is  also  usually  applicable  to  cases  where  the  skin  is  tacked  down 
to  the  bone,  owing  to  a  previous  caries ;  the  two  incisions  form- 
ing the  V  should  then  embrace  the  cicatrix.  It  sometimes 
happens,  however,  that  it  is  impossible  to  dissect  up  a  flap,  as 
the  cicatricial  tissues  are  so  thinned  where  they  are  adherent  to 
the  bone.  It  is  then,  as  a  rule,  better  to  cut  out  this  portion 
altogether,  and  make  up  the  deficiency  which  thus  arises  either 
by  a  more  extensive  transposition  of  the  surrounding  skin,  or  by 
means  of  a  flap  taken  from  an  adjacent  part. 

When  the  cicatrix  is  situated  to  the  outer  side  of  the  lower  lid, 
which  is  its  most  frequent  site,  the  best  operation  is  probably  that 
devised  by  Ricliet.  This  may  be  performed  in  the  following  way  : — 
A  curved  incision  is  made  through  the  tissues  immediately  above  the 
cicatrix,  beginning  in  a  line  with  the  palpebral  aperture,  and  as  far 
out  as  possible,  and  passing  downwards  and  inwards  parallel  with  the 
border  of  the  orbit ;  this  incision  frees  the  lid,  and  permits  of  the 
reposition  of  the  everted  conjunctiva.  Before  proceeding  any  further 
the  upper  and  lower  hds  should  be  brought  together  by  means  of  three 
horse-hair  sutures ;  the  needles  threaded  with  horse-hair  are  passed 
through  the  upper  lid,  just  at  its  margin,  then  through  the  margin 
of  the  lower  lid,  back  through  the  lower  lid  margin,  close  to  the  first 
puncture,  and  finally  again  through  the  margin  of  the  upper  hd,  also 
close  to  where  the  needle  was  first  entered.  In  this  way  three  loops  are 
formed,  which  may  then  be  drawn  pretty  tight  together,  and  which  keep 
the  Hds  in  contact.  It  is  unnecessary  to  pare  the  margin  of  the  lids, 
as  is  often  done.  After  the  lids  have  been  brought  together  in  this 
way,  and  some  gaping  of  the  incision  left,  another  incision  is  carried 
from  below  the  cicatrix  to  meet  the  first  at  a  point;  the  cicatrix 
enclosed  is  then  removed.  To  fiU  up  the  gap  thus  formed,  and  which 
is  lettered  C  in  Fig.  180,  a  flap,  A,  is  cut,  the  incisions  for  which 
are  begun  well  above  the  level  of  the  lid  aperture.  By  prolonging 
the  inner  incision  for  the  A  flap,  a  second  flap,  B,  is  marked  out, 
which  serves  to  fill  the  gap  left  when  A  is  twisted  into  the  position  C. 

A  moderate  degree  of  ectropion,  involving  the  outer  portion 
of  either  upper  or  lower  lid,  is  best  treated  by  the  excision  of  a 
V-shaped  portion  from  the  whole  thickness  of  the  lids.  The 
edges  of  the  wound  thus  formed  are  then  brought  together  with 
stitches.  The  stitches  should  be  close  together  and  deep. 
Cicatricial  ectropion  of  the  upper  lid  can  often  be  remedied 
by  means  of  a  flap  taken  from  the  forehead. 

A  transplantation  operation  for  ectropion,  or  the  grafting  of 
a  large  piece  of  skin  taken  from  some  other  part  of  the  body 
42 
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is  in  many  cases  the  most  suitable.  When  proper  precautions 
are  taken  the  graft  always  takes.  Subsequent  contraction  of 
the  transplanted  skin  may,  however,  to  some  extent  interfere 
with  the  perfection  of  the  ultimate  result,  so  that  not  infre- 
quently in  bad  cases  a  second  operation  of  a  similar  nature  is 
required.  Before  proceeding  to  remove  the  piece  of  skin  to  be 
grafted,  which  may  be  taken  from  any  part  of  the  body — most 

conveniently  as   a  rule 


r 


Fig.  180.— (After  Masselon.) 


from  the  upper  arm — an 
incision  should  be  made 
immediately   below  the 
border  of  the  upper  lid, 
and  a  flap  formed,  con- 
taining conjunctiva,  tar- 
sus, and  muscle,  of  such 
an  extent  as  to  permit 
of   the   ectropion  being 
readily  reduced  without 
the    least    dragging  at 
any  point.     The  upper 
and  lower  lids  are  then 
brought  together,  without 
paring  their  margins,  by 
loop  sutures  of  horse-hair. 
A  pad  of   cotton  wool, 
which  has  been  dipped 
in    corrosive  sublimate 
solution,  is  then  placed 
on  the  wound,  and  kept 
in   position  by  a  light 
bandage  until   the  skin 
graft  is  ready.    In  cut- 
ting the  graft  it  is  better, 


I  think,  not  to  take  too  much  trouble  by  attempting  to  remove 
it  without  fat,  as  the  fat  can  very  easily  be^  removed,  with 
greater  rapidity  and  less  damage  to  the  vitality  of  the  flap, 
after  it  has  been  cut.  The  portion  of  skin  taken  should, 
besides  being  deprived  of  all  subjacent  fat,  be  at  least  half 
as  large  again  as  the  wound  into  which  it  is  to  be  grafted. 
When  the  wound  is  very  large,  two  elUptical  pieces  may  be 
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taken.  It  should  be  transferred  as  soon  as  possible  into  the 
position  it  has  to  occupy.  As  union  takes  place  principally 
by  the  opposed  flat  surfaces,  a  great  number  of  stitches  are 
not  necessary.  A  few,  however,  should  be  introduced  to  keep 
the  graft  in  position,  and  for  this  purpose  three  at  least  are 
required — one  at  each  end,  and  one  at  the  centre  of  its 
uppermost  portion ;  in  the  lower  lid,  therefore,  attaching 
it  to  the  margin  of  the  lid,  in  the  upper  lid  to  the  skin. 
Before  applying  any  dressing  the  skin  graft  should  be  raised, 
and  the  wound  syringed  or  washed  with  boracic  lotion,  and 
all  bleeding  stopped.  The  graft  should  then  be  carefully 
applied  to  the  raw  surface  below.  The  following  dressing 
may  be  recommended : — Immediately  over  the  graft  is  placed 
a  piece  of  muslin  smeared  with  iodoform  ointment,  over  this 
a  pad  of  cotton  wool  dipped  in  corrosive  sublimate  solu- 
tion, and  this  again  covered  with  a  considerable  quantity  of 
dry  cotton  wool,  the  whole  being  kept  down  by  means  of  a 
flannel  or  demet  bandage.  The  dressing  should  not  be  changed 
for  two  or  three  days,  and  it  is  to  avoid  any  difficulty  in 
changing  that  it  is  advisable  to  have  ointment  next  the  graft, 
while  the  cotton  wool  and  bandage  secure  the  necessary  im- 
mobility. The  subsequent  dressings  do  not  require  to  be  so 
carefully  applied. 

Operations  foe  Ptosis. 

An  operation,  the  object  of  which  is  to  permit  of  the  pos- 
sibility of  raising  a  drooping  lid,  must  of  course  be  performed  in 
such  a  manner  as  to  interfere  as  little  as  possible  with  the  power 
of  closing  the  lid.  Eemoval  of  an  elliptical  fold  of  sldn  from 
the  lid  can  consequently  only  be  employed  in  cases  where  the 
ptosis  is  of  moderate  degree,  and  where  there  is  a  redundancy  of 
skin,  or  at  all  events  the  amount  of  effect  produced  must  be 
carefully  regulated  to  admit  of  a  sufficient  degree  of  closing. 
In  most  cases  one  of  the  three  operations  about  to  be  described 
will  be  found  more  suitable.  The  two  first  of  these  may  be 
combined  with  the  removal  of  skin  to  an  extent  suited  to  the 
requirements  of  any  particular  case. 

Dramart's  thread  operation,  the  object  of  which  is  to  bring 
the  occipito-frontalis  muscle  to  act  on  the  lid  through  the 
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medimn  of  cicatricial  bands,  is  performed  as  follows : — One  end 
of  a  thread  is  passed  below  the  skin  from  just  above  the  upper 
border  of  the  tarsus  to  a  few  millimetres  above  the  eyebrow,  the 
other  end  is  carried  in  a  similar  manner  parallel  with  the  first. 
Similarly  situated  loops  are  introduced  to  either  side  of  this  one, 
these  are  then  all  knotted  tightly  over  pieces  of  drainage  tubing, 
the  lid  being  thereby  raised  to  an  extent  rather  greater  than  it 
is  desired  to  obtain  permanently.  The  knots  are  tightened 
above  from  time  to  time,  until  the  threads  have  ulcerated  their 
way  through  the  tracks  along  which  they  were  passed.  This 
operation  is  suitable  for  cases  of  incomplete  ptosis,  but  is  rather 
severe,  as  it  is  followed  by  a  prolonged  and  painful  swelling. 

Eversbusch's  Operation. — Where  there  is  any  independent 
power  of  the  levator  palpebrse,  another  operation,  the  principle 
of  which  is  also  to  produce  a  shortening  of  its  tendinous 
attachment  to  the  tarsus,  may  be  tried.  Such  a  method  of 
operating  was  recommended  some  years  ago  by  Eversbusch,  and 
it  is  by  far  the  most  satisfactory  treatment  of  congenital  ptosis, 
when  not  complete.  I  have  performed  this  operation  in  more 
than  a  dozen  cases,  and  have  usually  succeeded  in  effecting  a 
considerable  improvement.  An  incision  occupying  the  whole 
breadth  of  the  lid,  as  far  as  the  clamp  renders  possible,  is  made 
in  a  horizontal  direction,  and  equidistant  between  the  lid 
margin  and  the  eyebrow.  The  tissues  are  then  dissected  up 
or  separated  with  the  end  of  the  handle  of  the  bistoury  to  the 
extent  of  about  a  quarter  of  an  inch,  so  as  to  expose  the  con- 
nective tissue,  which  springs  forwards  and  is  readily  recognised. 
At  the  same  time  the  lower  border  of  the  incision  may  be  also 
slightly  undermined.  A  strong  piece  of  catgut  mth  a  curved 
needle  at  either  end  is  then  taken ;  the  one  needle  is  passed 
into  this  tendinous  tissue  as  far  up  as  possible,  and  brought 
out  again  a  few  millimetres  from  the  point  at  which  it  was 
introduced.  Both  needles  are  then  passed  parallel  to  each 
other,  and  at  two  or  three  millimetres  distance  apart,  or  there- 
about, below  the  skin  and  muscle  of  the  lower  portion  of  the 
lid,  along  the  surface  of  the  tarsus,  and  brought  out  at  the  free 
margin  of  the  lid.  Similar  loops  are  next  passed  to  the  inner 
and  outer  sides  of  this  central  one.  After  this  has  been  done 
the  clamp  is  removed,  the  bleeding  stopped  to  some  extent, 
and  the  wound  in  the  skin  brought  together  with  stitches.  In 


OPERATIONS  FOR  PTOSIS. 


66i 


the  worst  cases  a  piece  of  skin  may  be  removed  before  doing 
this.  Finally,  the  loops  are  knotted  along  the  margin  of  the 
lid.  Eversbusch  recommends  the  use  of  glass  beads  slipped 
over  the  two  ends  of  the  thread  before  knotting,  so  as  to 
prevent  their  cutting  too  deeply  into  the  lid  margin,  but  this 
is  not  necessary  when  catgut  is  used.  After  the  completion 
of  the  operation  both  eyes  should  be  bandaged,  and  kept  so  for 
several  days,  the  bandage  being  changed  each  day.  What 
actually  takes  place  as  a  result  of  this  proceeding  is  that  the 
tendinous  attachment  of  the  levator  is  doubled  down  over  the 


Fig.  181.  Fig.  182. 

tarsus,  where  it  forms  fresh  adhesions.  Figs.  181  and  182,  taken 
from  Eversbusch's  drawings,  show  one  of  the  loops  before  and 
after  it  is  knotted  at  the  lid  margin. 

Snellen  recommends  a  thread  operation,  by  which  the 
shortening  of  the  tendon  of  the  levator  may  be  effected  without 
cutting  down  upon  it.  Two  or  three  parallel  threads  are 
carried  by  needles  entered  through  the  skin  just  above  the 
tarsus,  and  passed  below  the  mucous  membrane  as  far  up  as 
possible,  whence  they  are  carried  forward  to  underneath  the 
skin  near  the  eyebrow,  and,  finally,  after  being  passed  below 
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the  skin  of  the  lid,  are  brought  out  at  their  points  of  entrance. 
The  two  ends  of  each  loop  are  then  knotted  together,  enclosing, 
amongst  other  tissues,  the  tendon  which  it  is  desired  to 
shorten.  I  have  performed  this  operation  in  six  cases,  and 
though  it  has  led  to  some  improvements,  it  has  not  in  my 
hands  proved  as  successful  as  the  more  radical  operation  by 
Eversbusch's  method. 

In  some  cases  of  congenital  ptosis  there  appears  to  be  no 
levator  muscle  at  all,  or  it  exists  only  in  a  very  rudimentary 


condition.  In  such  cases,  and  in  sufficiently  long-standing 
cases  of  complete  paralytic  ptosis,  where  an  operation  may  be 
desirable,  that  recommended  by  Panas  seems  to  offer  the  best 
chance  of  a  successful  result. 

Panas'  operation  is  performed  in  the  following  manner : — 
An  assistant  applies  his  hand  to  the  patient's  forehead  to 
prevent  the  drawing  down  of  the  skin  of  the  lid,  by  which 
the  natural  arrangement  of  the  tissues  would  be  interfered 
with,  and  the  necessary  incisions  could  not  be  made  with 


Fig.  183.— (After  Panas.) 
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sufficient  precision.  The  operator  then  begins  an  incision  along 
the  line  of  the  upper  border  of  the  tarsus.  The  incision  is, 
however,  not  continued  along  the  whole  line,  but,  beginning 
immediately  over  one  canthus,  and  leaving  a  central  portion 
of  a  third  of  an  inch  uncut,  ends  at  a  similar  point  above  the 
other  canthus.  A  second  horizontal  incision,  with  a  slight 
convexity  upwards  and  not  quite  an  inch  in  length,  is  made  in 
the  position  of  the  fold  separating  the  eyebrow  and  lid,  and 
therefore  just  about  over  the  orbital  margin.  This  second 
incision  must  pass  through  all  the  tissues  down  to  the 
periosteum.    It  is  then  joined  by  means  of  two  short  vertical 


Fig.  184.— (After  Panas.) 

incisions  with  the  inner  extremity  of  the  external  portion  and 
outer  extremity  of  the  internal  portion  of  the  lower  incision. 
Yet  another  incision  is  made  parallel  to  the  second,  and  some- 
what more  than  one  inch  in  length,  along  the  upper  border  of 
the  eyebrow,  and  deep  enough  to  extend  to  the  periosteum. 
The  little  peninsula  of  skin  and  muscle  marked  out  by  the 
middle  and  lower  horizontal  and  the  two  vertical  incisions  is 
next  dissected  free  from  the  tarsus  down  to  its  ciliary  border, 
care  being  taken  not  to  interfere  with  the  suspensory  ligament 
of  the  lid.  The  bridge  between  the  middle  and  upper  incisions 
is  then  undermined,  in  doing  which  any  wounding  of  the 
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periosteum  or  suspensory  ligament  must  be  avoided.  When 
this  has  been  done,  the  dissected  flap  is  pressed  up  underneath 
the  undermined  bridge,  and  attached  by  three  sutures  to  the 
upper  edge  of  the  upper  incision.  Panas'  operation  results  in 
a  raising  of  the  tarsal  portion  of  the  lid,  and  at  the  same  time 
admits  of  the  occipito-frontalis  muscle  to  a  great  extent 
assuming  the  function  of  the  absent  or  paralysed  levator.  The 
disfigurement  caused  by  this  operation  is  also  extremely  slight, 
while  it  in  no  way  interferes  with  the  closing  of  the  lid.  1 
have  only  had  occasion  to  perform  this  operation  twice,  but  am 
satisfied  as  to  its  efficiency. 

Operations  foe  Symblephaeon. 

The  wound  left  after  the  detachment  of  the  cicatricial  tissue, 
by  which  the  lid  has  been  rendered  adherent  to  the  eye,  may 
be  covered  in  different  ways.  The  method  of  operation  to  be 
selected  in  any  particular  case  will  depend  on  the  extent  of  this 
denuded  surface,  as  well  as  on  the  condition  of  the  surrounding 
conjunctiva. 

Where  the  cicatricial  band  is  small  and  the  rest  of  the  con- 
junctiva healthy,  the  loss  of  substance  may  be  made  good  by  a 
transposition  or  glissement  of  the  adjoining  conjunctiva.  The 
band  of  cicatricial  tissue  is  grasped  firmly  with  a  pair  of  fixation 
forceps,  and  put  on  the  stretch.  Its  attachment  to  the  cornea 
is  then  carefully  dissected  off  with  a  small  bistoury,  and  the 
freeing  of  the  lid  completed  by  snipping  the  other  attachments 
with  scissors.  The  conjunctiva  to  either  side  is  next  under- 
mined to  an  extent  which  permits  of  the  edges  being  readily 
brought  together  by  sutures.  The  stitching  should  be  carefully 
performed,  and  as  many  stitches  as  possible  used,  particular 
attention  being  paid  to  the  covering  of  the  lowest  part.  Where 
the  cicatricial  band  is  of  some  size,  it  may  be  turned  back  and 
made  use  of  as  a  partial  covering  for  the  raw  surface  of  the 
inner  side  of  the  lid.  This  may  be  done  by  a  loop-stitch  passed 
through  its  apex,  then  through  the  thickness  of  the  lid,  on  the 
skin  surface  of  which  it  is  tied  over  a  piece  of  drainage  tubing. 
This  latter  proceeding  is  seldom  of  much  use;  it  is  generally 
better  after  cutting  away  the  redundant  cicatricial  tissue  to  rely 
on  the  frequent  use  of  oil  during  the  cicatrisation  of  the  lid. 
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Another  operation  which  is  suited  to  the  same  class  of  cases, 
and  by  which  perhaps  a  rather  large  defect  can  be  covered,  is 
Tealc's  transplantation  operation.  By  this  operation  two  flaps 
of  conjunctiva  are  taken  from  either  side,  one  of  which  is  used 
for  covering  the  inner  surface  of  the  lid,  while  the  other  serves 
as  a  covering  for  the  eye.  The  ilaps  are  cut  as  represented  in 
Fig.  185,  which  is  copied  from  a  drawing  in  Mr.  Swanzy's 
Handbook  of  Eye  Diseases,  altered  from  his  original  one  by  Mr. 
Teale  himself. 

The  complete  transplantation,  or  grafting  of  mucous  mem- 
Irane,  has  lately  taken  the  place  of  other  operations  for  symble- 
pharon.  Such  a  method  of  operating  is  certainly  applicable  to 
cases  which  would  otherwise  not  admit  of  interference.  The 
mucous  membrane  may  be  conveniently  taken  from  the  mouth, 


Fig.  185. 


and  should  be  half  as  large  again  as  the  defect  fwhich  it  is  to 
cover,  and  devoid  of  any  submucous  tissue.  Owing  to  the 
tendency  which  it  has  to  curl  up,  it  is  impossible  to  get  it  into 
good  position  without  the  use  of  a  number  of  stitches.  In  order, 
too,  to  ensure  its  applying  itself  to  the  wound  throughout,  it  is 
well  to  put  in  one  or  two  loop-stitches  as  well  at  the  fornix, 
which  are  brought  through  the  substance  of  the  lid  and  tied  at 
the  outside.  The  graft  should  not  be  definitely  fixed  until  all 
bleeding  has  stopped ;  it  is  therefore  best  to  begin  with  the 
stitches  that  attach  it  to  the  lid. 

When  there  is  a  redundancy  of  skin  in  the  lower  lid,  a  piece 
of  skin  from  this  situation  may  be  conveniently  used  instead  of 
mucous  membrane,  the  character  of  which  it  to  a  great  extent 
slowly  acquires.  It  is  much  more  easily  fixed  in  position,  and 
does  not  require  so  many  stitches.    Snellen  has  recently  reconi- 
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mended  an  operation  for  bad  cases  of  symblepharon,  which 
consists  in  clothing  the  inner  raw  surface  of  the  lid,  after  it  has 
been  detached  from  the  eye,  with  a  flap  of  skin  dissected  from 
the  temple  in  the  immediate  neighbourhood  of  the  outer  angle 
of  the  lids.  After  cu.tting  the  elongated  flap,  an  opening  is 
made  below  its  base  into  the  conjunctival  sac.  The  skin  is 
then  pushed  through  this  opening,  so  that  its  raw  surface  comes 
to  lie  against  that  of  the  detached  lid,  and  stitches  are  intro- 
duced to  maintain  it  in  this  position.  I  have  performed  this 
operation  several  times,  and  obtained  very  satisfactory  results. 

Opekations  on  the  paets  connected  miH  THE  Seceetion 
AND  Excretion  of  the  Tears. 

Excision  of  the  Lachrymal  Gland. — An  incision  is  made  in  the 
skin,  over  and  in  line  with  the  upper  and  outer  margin  of  the  orbit, 
immediately  below  the  eyebrow,  and  extended  in  depth  until  the  hyper- 
trophied  gland  or  tumour  comes  into  view.  The  edges  of  the  wounds 
thus  made  are  held  apart  with  hooks  by  an  assistant,  and  the  gland 
drawn  forward  by  means  of  another  sharp  hook  and  carefully  dissected 
out  as  far  as  possible.  When  this  mcision  does  not  afford  sufficient 
room  for  the  removal  of  the  gland,  a  larger  opening  may  be  got  by 
dividing  the  outer  canthus  by  means  of  a  horizontal  incision,  carried 
far  enough  to  meet  the  other  at  a  pomt.  This,  which  Avas  first  recom- 
mended by  Lawrence,  is  preferable  to  extending  the  incision  inwards, 
as  that  would  endanger  the  force  of  opening  of  the  hd  by  interfering 
too  much  with  its  suspensory  ligament. 

Boioman's  Operation  for  Fistula  of  the  Lachrymal  Gland. — The 
object  of  this  operation  is  to  establish  a  fistula  on  the  conjunctival 
surface,  and  thus  permit  of  the  opening  in  the  skin  being  permanently 
closed.  A  silk  thread  armed  with  a  needle  at  either  end  is  used.  The 
first  needle  is  passed  into  the  fistulous  opening,  carried  up  it  for  a  short 
distance,  and  then  made  to  pierce  the  tarsus  and  conjimctiva.  The 
thread  is  then  drawn  out  at  the  inner  surface  of  the  lid.  The  other 
needle  is  mtroduced  in  the  same  way,  but  brought  out  about  quarter 
of  an  inch  from  the  first  and  a  little  nearer  the  lid  margin.  The  two 
ends  are  then  secured  by  being  plastered  to  the  skin  to  the  outer  side 
of  the  palpebral  aperture.  They  are  left  in  this  position  for  ten  day^ 
or  a  fortnight,  after  which  the  external  opening  is  closed  by  paruig 
its  edges  and  stitching. 

Slitting  the  Canaliculi. — This  little  operation  was  first 
practised  by  Bowman,  and  is  now  always  performed  with  the 
narrow  probe -pointed  knife  introduced  by'  Weber.  The 
probe-pointed  end  of  the  knife  is  inserted  into  the  punctum 


OPERATIONS  ON  THE  LACHRYMAL  GLAND.  667 


lachrymale  (see  Fig.  186).  The  skin,  and  through  it  the  inner 
portion  of  the  lid  margin,  is  then  put  on  the  stretch  with  the 
thumb  of  the  hand,  care  being  taken  to  neither  invert  or  evert 
the  lid  to  any  extent.  After  this  has  been  done,  the  knife  is 
brought  into  such  a  position  as  to  be  in  a  line  with  the  canali- 
culus as  far  as  possible,  whilst  its  cutting  edge  is  directed 
upwards  and  slightly  inwards.  It  is  then  passed  along  the 
canaliculus  till  its  point  touches  the  inner  wall  of  the  sac  and 
presses  it  against  the  nose.  A  qviick  movement  round  this  point 
as  centre  is  then  given  to  it,  upwards  if  the  lower  canaliculus 


Fig.  186. 

is  being  slit,  and  downwards  in  the  case  of  the  upper  canaliculus. 
In  this  way  the  narrow  bridge  forming  the  roof  or  the  floor  of 
the  canaliculus  is  severed  up  to  its  entrance  into  the  sac.  If 
the  slitting  is  performed  for  dacryocystitis,  the  knife  should 
be  passed  on  into  the  sac,  and,  with  the  cutting  edge  directed 
forwards,  a  sHght  sawing  movement  made.  The  slit  canali- 
culus shows  very  little  tendency  to  heal  up,  as  union  takes 
place  between  the  skin  and  mucous  membrane  to  either  side  of 
the  cut.  It  is  advisable,  however,  to  pass  a  probe  along  it  after 
twenty-four  hours,  so  as  to  ensure  its  remaining  patent.  When 
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probing  of  the  duct  is  necessary,  its  direction,  as  explained  in 
Fig.  19,  must  be  borne  in  mind. 

Extirpation  of  the  Lachrymal  Sac  is  by  no  means  an  easy  operation, 
owing  to  the  deep  position  occupied  by  the  mucous  membrane  which 
has  to  be  removed,  and  tbe  great  vascularity  of  the  parts.  The 
incision  made  through  the  skin  in  the  line  of  the  sac  should  be  suffi- 
ciently long  to  enable  one  to  get  well  at  the  sac ;  it  may  therefore  be 
carried  down  as  far  as  required  for  the  purpose.  Wlien  the  mucous 
membrane  is  exposed,  the  lips  of  the  external  wound  should  be 
forcibly  held  aside  with  sharp  hooks.  The  mucous  membrane  is  then 
seized  with  a  pair  of  toothed  forceps,  and  its  removal  begun  by  dis- 
secting it  away  from  the  overlying  tissues.  Often  it  is  so  soft  that  it 
can  only  be  got  away  piece-meal,,  and  then  gives  more  difficulty  owing 
to  the  bleeding.  A  catgut  drain  and  a  good  firm  pad  and  bandage  are 
afterwards  applied. 

Destruction  of  the  lachrymal  sac  with  the  thermocautery  may  be 
performed  in  the  same  way.  It  is  best,  when  possible,  to  pass  a  probe 
into  the  sac  from  above  before  making  the  incision,  which  need  not  be 
quite  so  long  as  for  extirpation.  The  probe  also  serves  as  a  guide  to 
the  extent  of  the  cauterising  required.  I  have  found  a  fine  curved 
platiniun  point,  such  as  that  used  for  septic  idcers  of  the  cornea,  the 
most  suitable. 

Operations  on  the  Conjunctiva. 

Operation  for  Pterygium. — The  pterygium  is  seized  with  a 
pair  of  forceps  held  in  the  one  hand,  and  the  portion  adherent 
to  the  cornea  carefully  dissected  off  with  a  small  bistoury  or 
Sichel's  knife.  When  this  is  done  an  incision  is  made  from  the 
corneo-scleral  margin  at  the  vipper  edge  of  the  pterygiimi  with 
a  pair  of  straight  scissors,  in  the  direction  of  and  extending  to 
the  centre  'of  its  base.  A  similar  snip  is  made  from  the  lower 
margin  of  the  pterygium  at  the  border  of  the  cornea,  meet- 
ing the  first  at  a  point.  In  tlais  manner  a  lozenge-shaped 
piece  is  removed.  Then  there  remains  a  raw  surface  in 
the  conjunctiva,  which  is  to  be  covered  by  undermining  the 
conjunctiva  above  and  below,  and  drawing  it  together  with 
stitches. 

The  operation  of  Peritomy  or  Syndectomy  is  performed  with 
fixation  forceps  and  a  pair  of  scissors,  a  portion  of  the  conjunctiva 
immediately  surrounding  the  cornea,  a  quarter  of  an  inch  or  so 
in  breadth,  being  seized  with  the  forceps,  and  snipped  off  with 
the  scissors  as  close  as  possible  to  the  cornea.    The  band-shaped 
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portion  thus  removed  may  extend  all  round  the  cornea,  or  only 
in  part,  the  latter  being  in  most  cases  sufficient. 

Opekations  on  the  Cornea. 

Operations  for  Corneal  Staphyloma. — When  a  partial  staphy- 
loma of  the  cornea  becomes  unsightly,  it  may  be  reduced  in  size 
by  the  following  simple  operation.  A  cataract  needle  is  intro- 
duced through  its  base,  and  held  in  one  hand.  An  elliptical 
piece  of  the  cicatricial  tissue  of  which  the  staphyloma  is  com- 
posed is  then  cut  out  by  making  one  incision  at  the  one  side  of 
the  needle  with  a  narrow  cataract  knife,  and  another  from  the 
other  side  converging  towards  the  first,  and  in  such  a  manner 
that  the  portion  held  by  the  needle,  and  consequently  the 
needle  itself,  is  cut  out.  This  can  be  done  very  qiiickly. 
Antiseptic  precautions  should  be  taken  and  a  firm  bandage 
applied. 

Li  cases  of  more  complete  staphyloma,  attempts  have  been 
made  to  retain  a  better  stump  by  covering  up  the  wound  result- 


FiG.  187.— (After  Wecker.) 


ing  from  the  removal  of  the  protruding  cicatricial  tissue  which 
takes  the  place  of  the  cornea.  Inasmuch,  however,  as  if  inflam- 
mation be  set  up  there  is  considerable  risk  of  sympathetic  ophthal- 
mitis, it  is  rarely  advisable  to  attempt  an  operation  of  this  kind. 
Critchett  was  the  first  to  recognise  the  importance  of  closing  up 
the  wound,  and  this  he  did  by  inserting  a  number  of  deep  stitches 
through  the  sclera  before  removing  the  staphyloma.  The  needles 
were  entered  through  the  sclera  above  the  protrusion,  carried  under- 
neath it,  and  brought  out  again  through  the  sclera  below  it.  The 
sutures  could  then  he  drawn  through  and  tied  as  soon  as  the  corneal 
cicatricial  tissue  was  removed.  This  method  of  operating  was  after- 
wards modified  by  Knapp,  who  used  conjunctival  sutures  instead  of 
scleral  ones.    More  recently  the  following  operation  has  been  recom- 
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mended  by  Wecker,  and  is  probably  the  best  of  its  kind.  Before 
removing  the  staj^hylomatous  protrusion,  the  conjunctiva  and  subcon- 
junctival tissue  surrounding  the  cornea  is  freely  undermined  for  some 
distance.  A  strong  suture  is  then  run  through  this  loosened  tissue  at 
a  distance  of  a  quarter  of  an  inch  or  so  from  the  corneal  margin,  and 
"with  not  more  than  a  quarter  of  an  inch  intervening  between  each 
puncture  made  by  the  needle  imtil  the  other  end  of  the  thread  is 
brought  out  near  to  the  first  puncture.  The  protrusion  is  then  cut  oft' 
by  transfixing  it  through  the  middle,  and  cutting  outwards,  then 
seizing  the  end  of  the  flap  thus  formed  and  removing  the  rest  "with 
scissors.  As  soon  as  this  has  been  done  the  two  ends  of  the  continuous 
suture  are  drawn  together  and  firmly  knotted  (see  Fig.  187).  The  effect 
of  this  is  to  draw  the  conjunctiva  over  the  wound,  and  thus  prevent 
the  escajje  of  the  vitreous  ;  the  lens  generally  escapes  with  the  removal 
of  the  protrusion ;  if  it  does  not,  the  capsule  may  be  scratched  so  as 
to  permit  of  its  escape.  It  is  of  the  utmost  importance  that  antiseptic 
precautions  should  be  taken  in  this  operation.  The  thread  maj""  be 
allowed  to  remain  for  a  week  at  least.  If  it  cuts  through  at  any  part, 
a  fresh  stitch  may  be  used  for  bringing  the  conjunctiva  together  where 
this  takes  place. 

The  most  suitable  operation  for  cases  of  complete  staj)hy- 
loma  is  evisceration  of  the  globe  (see  page  703). 

Tattooing  of  the  Cornea. — In  cases  of  dense  leucoma  without 
staphyloma  the  appearance  of  the  cornea  may  be  improved  by 
tattooing.  The  same  proceeding  may  also  be  employed  for  the 
improvement  of  vision  which  is  often  greatly  interfered  with 
by  a  smaller  nebula  covering  the  pupil  more  or  less  completely. 
If  the  pupil  be  completely  covered,  this  may  be  combined  with 
the  formation  of  an  artificial  pupil  where  there  is  enough  clear 
cornea  surrounding  the  nebula.  If  on  the  other  hand  a  portion, 
even  a  small  portion,  of  the  pupil  remains  uncovered,  tattooing 
alone  is  likely  to  be  sufficient.  Tattooing  is  best  performed 
with  a  number  of  sewing  needles  held  together,  either  in  a 
special  holder  or  by  being  embedded  in  sealing-wax.  The 
points  of  the  needles  should  be  all  on  the  same  level.  After 
the  cornea  has  been  rendered  insensitive  by  means  of  cocaine, 
some  Chinese  ink  rubbed  down  in  water  into  a  thin  paste  is 
applied  with  a  camel's-hair  brush  in  as  thick  a  layer  as  possible 
to  the  surface  of  the  leucoma,  and  dabbed  into  it  by  repeated 
stabs  with  the  bundle  of  needles.  Some  operators  use  a  single 
grooved  needle  which  they  insert  very  obliquely  into  the 
cicatrised  cornea.  In  any  case  the  pricks  should  be  made 
obliquely  and  not  perpendicular  to  the  surface.    When  the 
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tattooing  is  performed  for  a  small  central  nebula,  it  is  better  to 
use  the  needles  first,  and  afterwards  rub  in  the  ink.  In  this 
way  it  is  possible  to  make  the  edges  of  the  staining  coincide 
with  those  of  the  nebula.  The  eye  must  be  steadied  all  the 
while  as  far  as  possible  with  the  finger,  not  fixed  with  forceps, 
as  the  ink,  getting  into  the  wound  made  by  the  teeth,  would 
leave  a  stain.  After  the  stabbing  process  has  been  repeated 
a  good  many  times,  with  the  addition  when  necessary  of  fresh 
ink,  the  excess  is  washed  away  with  some  corrosive  sublimate 
lotion.  The  necessary  degree  of  blackness  may  be  obtamed  at 
one  sitting;  but  it  is  better  to  repeat  the  process  once 
or  twice. 

Operation  of  transplanting  Clear  Cornea. — The  numerous  attempts 
which  have  been  made  to  graft  portions  of  clear  cornea  so  as  to  take 
the  position  of  the  intransparent  cicatricial  tissue  constituting  the 
leucoma  have  been  all  more  or  less  rmsuccessful,  owing  to  the  loss 
of  transparency,  which  sooner  or  later  befalls  the  graft  even  where 
it  has  retained  its  vitahty.  Yon  Hippel  has  recommended  an  opera- 
tion which,  in  his  hands,  appears  to  have  been  attended  by  a  very 
encouraging  degree  of  success.  The  prmciple  of  this  operation  is  to 
remove  by  means  of  a  trephine  a  circular  portion  of  the  leucoma, 
leaving,  however,  the  posterior  elastic  lamina  of  the  cornea  intact. 
This  appears  to  be  an  essential  element  in  the  process  of  the  opera- 
tion, and  von  Hippel  was  led  to  adopt  it  in  consequence  of  the  result 
of  Leber's  experiments  on  the  secretion  and  excretion  of  the  intra- 
ocular fluids,  by  which  it  was  demonstrated  that  the  transparency  of 
the  cornea  depended  on  the  integrity  of  the  membrane  of  Descemet. 
The  trephine  used  for  the  purpose  has  a  diameter  of  4  milhmetres, 
and  is  made  to  execute  a  number  of  revolutions  round  its  axis  by 
means  of  clock-work,  which  can  be  set  in  motion  by  a  slight  touch 
with  the  fingers  on  a  button.  This  cii'cular  movement  is  arrested, 
too,  as  soon  as  the  pressure  on  the  button  is  stopped.  Immediately 
above  the  cutting  edge  is  a  small  projecting  ledge  which  can  be 
screwed  into  any  position  required,  and  which  prevents  the  trephine 
passing  too  deeply  into  the  cornea.  The  portion  marked  out  by  the 
circular  cut  is  carefully  removed  Avith  Icnife  and  forceps.  A  piece 
of  the  whole  thickness  of  a  rabbit's  cornea  is  then  excised  with  the 
same  trephine  and  immediately  transplanted.  Care  must  be  taken 
that  the  trephined  portion  has  in  each  case  perpendicular  sides,  and 
is  not  funnel-shaped,  as  this  would  interfere  with  the  proper  adjust- 
ment of  the  graft.  The  cornea  is  afterwards  covered  with  iodoform 
and  a  bandage  applied.  This  operation  is  only  suitable  for  cases  of 
complete  leucoma,  where  there  is  no  adhesion  of  the  iris  to  the 
cicatricial  tissue.    It  is  of  no  use  in  cases  of  leucoma  adherens. 
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Operations  for  Conical  Cornea. 

All  the  operations  for  conical  cornea  are  unsatisfactory, 
in  so  far  as  it  seems  almost  impossible  to  predict  what  will 
be  their  effect.  Von  Graefe  attempted  to  induce  a  cicatricial 
contraction  in  the  neighbourhood  of  the  apex  of  the  cone, 
with  the  object  of  bringing  about  a  more  normal  curvature 
of  the  cornea.  Von  Graefe's  operation  consists  in  removing  a 
small  portion  of  the  cornea  with  a  cataract  krdfe  in  the 
immediate  vicinity  of  the  apex  of  the  cone,  taking  care  not 
to  perforate  the  cornea.  The  wound  thus  formed  is  con- 
verted into  an  ulcer  by  being  touched  four  or  five  times  at 
intervals  of  three  days  with  a  solid  piece  of  mitigated  caustic. 
Afterwards  the  anterior  chamber  is  punctured  through  the  base 
of  the  ulcer,  and  this  repeated  three  or  four  times  every  other 
day,  after  which  the  ulcer  is  allowed  to  heal.  A  small  iridec- 
tomy is  then  made  opposite  the  clearest  part  of  the  cornea. 
Cauterisations  with  the  thermo-  or  electro-cautery  have  now  to 
a  great  extent  taken  the  place  of  von  Graefe's  method  of  pro- 
ducing a  corneal  ulcer.  They  are  certainly  safer  and  more 
easily  regulated  in  their  effect.  Probably  in  most  cases  it  is 
more  the  exclusion  of  the  rays,  which  otherwise  pass  through 
the  central  portion  of  the  cornea  by  the  establishment  of  a 
dense  leucoma  in  this  situation,  which  gives  rise  to  any  improve- 
ment of  vision,  than  any  alteration  of  curvature  which  may  be 
effected  at  the  same  time. 

Bowman's  Trephine  Operation. — "With  a  small  trephine  a 
circular  portion,  not  greater,  as  a  rule,  than  3  millimetres  in 
diameter,  is  removed  from  the  apex  of  the  cone.  The  trephine 
is  not  allowed  to  penetrate  the  whole  thickness  of  the  cornea,  as, 
if  a  complete  disc  be  removed,  the  operation  is  almost  invariably 
followed  by  an  anterior  synechia.  After,  therefore,  circum- 
scribing the  portion  to  be  cut  out  to  a  depth  which  is  con- 
sidered safe  in  any  case,  generally  about  f  of  a  millimetre,  it  is 
removed  with  knife  and  forceps,  and  the  base  punctured  to 
admit  of  the  escape  of  the  aqueous. 

Bader's  operation  consists  in  removing  an  elliptical  piece 
of  the  cornea  1^  to  .2  millimetres  in  breadth  at  the  broadest 
part  from  the  apex  of  the  cone,  and  then  applying  a  tight 
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bandage.  This  operation  is  also  liable  to  be  followed  by 
anterior  synechia,  but  may  give  very  good  results. 

Sacmisch's  section  of  the  Cornea  for  Hypopyon  Vl.cer. — This 
is  performed  in  the  following  way:— A  narrow  Graefe's  knife 
is  passed  at  the  one  side  of  the  corneal  ulcer  into  the  anterior 
chamber,  the  cutting  edge  of  the  knife  being  directed  forwards. 
A  counter  puncture  is  made  in  the  sound  corneal  tissue  imme- 
diately to  the  opposite  side  of  the  ulcer  and  the  intervening 
tissue,  that  is,  the  base  of  the  ulcer,  divided  by  cutting  outwards. 
In  the  case  of  large  ulcers  the  wound  then  formed  is  pretty 
extensive,  and  is  apt  to  be  followed  by  disagreeable  results — 
prolapse  of  iris,  synechia,  staphyloma,  &c.  I  have  always 
found  that  the  elfect  of  the  operation  is  obtained  with  equal 
certainty  by  merely  dividing  in  the  same  manner  that  portion 
of  the  base  which  is  infiltrated.  Often  the  wound  has  to  be 
reopened  several  times  before  healing  begins  to  take  place. 

The  operation  is  now  very  seldom  required  if  the  thermo- 
cautery be  properly  used.    (See  p.  131.) 

The  removal  of  foreign  bodies  from  the  cornea  presents 
greater  or  less  difficulties,  according  to  the  depths  at  which  they 
lie.  In  the  great  majority  of  cases  they  are  quite  superficial, 
and  are  then  easily  removed  with  the  corneal  spud.  The  surgeon 
should  stand  behind  the  patient,  whose  head  is  allowed  to  rest 
against  the  operator's  chest.  The  lids  are  held  apart  with  the 
fore  and  middle  fingers  of  the  left  hand,  and  by  gentle  pressure 
against  the  margins,  so  as  to  avoid  everting  them.  With  the 
fingers  in  this  position  a  certain  amount  of  steadying  of  the  eye 
is  rendered  possible  at  the  same  time.  The  spud  should  be 
inserted  immediately  under  the  foreign  body,  great  care  being 
taken  not  to  injure  any  other  part  of  the  cornea  by  scraping  the 
epithelium  unnecessarily.  Any  digging  that  is  required  must  be 
confined  to  the  part  at  which  the  foreign  body  is  lodged.  When 
it  is  very  deeply  embedded  in  the  cornea,  it  may  be  necessary  to 
get  at  it  by  making  use  of  a  sharp  needle.  Care  must  be  taken 
not  to  push  the  foreign  body  deeper ;  when,  therefore,  it  has  been 
well  freed,  the  spud  must  be  used  and  pushed  well  under  it. 

NmVs  operation  for  ruptures  at  the  Corneoscleral  Juncture.  The 

cases  for  which  this  operation  is  applicable  are  referred  to  at  page  150. 
It  consists  in  making  a  section  with  a  narrow  knife,  which  reopens 
the  old  wound  in  the  sclera,  and  then  drawing  the  surrounding  con- 
43 
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junctiva  over  this  opening  by  means  of  a  special  suture.  The  object 
of  the  operation  is  to  cover  the  wound  with  as  thick  a  layer  of  super- 
ficial tissue  as  possible,  and  thus  permit  of  the  proper  re-establishment 
of  the  anterior  chamber.  To  effect  this  the  knife,  after  cutting  through 
the  deep  cicatricial  tissue  filling  up  the  space  between  the  lips  of  the 
wound  in  the  sclera,  is  directed  backwards,  so  as  to  cut  out  a  deep 
flap  of  conjunctiva.  A  conjunctival  suture  is  then  introduced  in  the 
following  manner : — It  is  entered  at  the  equator  of  the  eye,  as  far 
back  as  possible,  and  passed  out  and  in,  or  run  through  the  conjunctiva 
for  a  considerable  distance,  parallel  with  the  corneo-scleral  margin. 
The  needle  is  then  carried  diagonally  over  to  the  conjunctiva  imme- 
diately surrounding  the  cornea  at  the  opposite  end  of  the  wound,  and 
the  thread  run  in  a  similar  manner  close  to  the  cornea,  and  finally 
brought  out  beyond  the  wound  at  the  other  side.  The  two  ends  of 
the  thread  are  then  tied  tightly  together.  In  this  Avay  a  large  mass 
of  conjunctiva  is  puckered  up  over  the  wound,  iii  a  much  more  effi- 
cient manner  than  could  be  done  by  the  introduction  of  a  number  of 
sutures  in  the  ordinary  way. 

Ieidectoimy. 

The  various  conditions  for  which  the  performance  of  an 
iridectomy,  i.e.,  the  excision  of  a  portion  of  the  iris,  may  be 
necessary,  have  been  referred  to  in  the  preceding  chapters. 
Some  differences  in  the  method  of  performing  tliis  operation 
require  attention,  according  to  the  object  for  which  it  is 
employed. 

Iridectomy  performed  for  merely  optical  reasons  should,  as 
a  general  rule,  be  small,  and  it  is  not  necessary  to  remove  the 
portion  of  iris  up  to  its  peripheral  attachment.  If  the  case  be 
one  of  dense  nebula  of  the  cornea,  the  portion  of  iris  removed,  or 
the  "  artificial  pupU,"  should  be  opposite  the  clearest  and  most 
normally  curved  portion  of  the  cornea.  This  portion  must, 
besides,  be  not  too  peripheral ;  that  is,  besides  transparency  and 
curvature,  the  radial  extent  of  the  transparent  portion  has  to  be 
taken  into  consideration.  Other  conditions  being  equal,  the  best 
positions  for  an  artificial  pupil  for  optical  purposes  are  inwards, 
or  inwards  and  downwards.  Where,  on  the  other  hand,  the  case 
is  one  of  partial  cataract,  and  the  object  'of  the  operation  is  to 
admit  the  rays  of  light  through  the  clear  peripheral  portions  of 
the  lens,  it  is  advisable  always  to  perform  the  iridectomy 
upwards.  The  reason  of  this  is  that  there  is  always  a  possibility 
of  the  cataract  becoming  more  complete  at  some  future  date. 
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and  necessitating  extraction.  When  this  does  happen,  the  arti- 
ficial coloboma  upwards  does  not  interfere  in  any  way  with  the 
operation. 

Another  class  of  cases  where  an  iridectomy  is  required  for 
optical  purposes  is  where  the  pupil  has  been  closed  and  bound 
down  by  synechite,  as  the  result  of  iritis.  In  such  cases  the 
choice  for  the  position  of  the  iridectomy  should  be  regulated  by 
the  condition  of  the  pupil,  as  far  as  that  can  be  made  out  by 
careful  inspection,  if  need  be,  after  the  use  of  a  mydriatic.  The 
excision  of  the  iris  should  be  made  where  the  pupil  is  least 
boimd  down.  Other  things  being  equal,  it  is  best  to  make  it 
upwards.  The  reason  of  this  is  that  the  operation  in  such  cases, 
though  mainly  performed,  it  may  be,  for  optical  purposes,  should 
be  undertaken  with  the  possibility  kept  in  view  of  some  future 
recurrence  of  the  inflammation  taking  place,  so  that  the  colo- 
boma should  be  made  of  a  good  size.  The  removal  of  a  portion 
of  iris,  again,  which  is  dragged  on  owing  to  the  existence  of  an 
anterior  synechia  must  be  sufficiently  large  to  entirely  free  the 
unattached  portion.  In  many  cases  of  this  kind  there  is  no 
necessity  for  any  operation  at  all ;  but  where  there  is  distinct 
irritation  produced,  it  should  not  be  delayed.  Often,  indeed,  it 
is  advisable  to  free  the  iris  on  both  sides  of  the  adhesion.  This 
may  be  done  by  a  double  iridectomy,  performed  either  at  the 
same  time,  or,  more  easily,  at  au  interval  of  a  few  days. 

The  rules  for  the  performance  of  iridectomy  for  glaucoma  are 
specially  referred  to  further  on. 

The  instruments  required  for  an  optical  iridectomy  are — a 
spring  speculum,  a  pair  of  fixation  forceps,  a  bent  triangular 
lance-shaped  knife  (often  called  a  keratome),  a  pair  of  iris  forceps, 
or  iris  hook  (Tyrrell's  hook),  a  pair  of  iris  scissors,  and  a  small 
flexible  caoutchouc  or  tortoise-shell  spud  (see  Fig.  188.) 

In  making  the  necessary  section  with  the  keratome,  the 
operator  may  either  push  the  point  away  from  him  or  towards 
him  ;  in  performing  an  iridectomy  upwards,  therefore,  he  will 
in  the  first  case  stand  behind  the  patient's  head,  and  in  the 
second  at  the  side  of  the  patient,  and  at  the  same  time  as  much 
in  front  of  him  as  possible.  When  there  is  plenty  of  room, 
that  is  to  say,  where  there  is  a  good  anterior  chamber,  either 
manner  of  introducing  the  knife  is  equally  easy.  In  intro- 
ducing the  knife,  however,  into  a  narrow  chamber,  the  second 
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is  decidedly  the  better,  as  it  enables  the  operator  to  watch 
the  point  much  more  closely.     After  the  eye  has  been 


Fig.  188. — a.  Speculum  ;  h.  Fixation  forceps  ;  c.  Keratome  ;  d.  Iris 
forceps  ;  c.  Iris  hook  ;  /.  Iris  scissors  (M'Clure)  ;  g.  Caoutchouc  spud. 

cocainised,  and  the  conjunctival  sac  well  washed  out  with  the 
corrosive  sublimate  solution,  the  speculum  is  introduced,  and 
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the  surgeon,  taking  the  fixation  forceps  in  the  left  hand,  takes  a 
firm  hold  of  the  conjunctiva  and  subconjunctival  tissue  at  the 
opposite  end  of  the  diameter  in  which  he  intends  to  make  the 
iridectomy.  The  knife  should  then  be  introduced  at  the 
apparent  corneo-scleral  margin,  the  point  being  directed  at  right 
angles  to  the  surface  of  the  cornea  in  that  situation,  and  pushed 
forwards  until  it  has  just  pierced  the  thickness  of  the  cornea. 
The  knife  is  then  directed  more  forwards  by  depressing  the 
handle,  and,  with  the  plane  of  the  blade  parallel  with  the 
iris,  pushed  rapidly  and  without  any  hesitation  on  into  the 
anterior  chamber,  until  the  external  wound  has  attained  a 
sufficient  size,  say  4  to  5  millimetres  for  most  optical  pur- 
poses. The  blade  is  then  slowly  withdrawn  with  the  point 
tilted  slightly  more  forwards.  Tyrrell's  hook,  or  the  iris  forceps, 
is  then  introduced  into  the  anterior  chamber.  Where  the  opera- 
tion is  done  for  the  displacement  of  the  pupil  opposite  a  clearer 
portion  of  cornea  the  hook  is  generally  the  best.  It  should 
be  of  platinum,  so  that  it  can  readly  be  bent  into  any  shape 
required.  The  point  should  be  blunt  and  perfectly  smooth.  It 
is  introduced  with  the  hooked  end  on  the  flat,  passed  inwards 
parallel  with  the  iris,  but  without  touching  it,  until  its  end 
has  got  beyond  the  edge  of  the  pupil ;  a  slight  rotation  is  then 
given  to  the  instrument,  so  as  to  direct  its  point  towards  the 
lens,  and  it  is  slowly  withdrawn  until  it  catches  well  on  to  the 
pupillary  margin.  The  iris  can  then  be  dragged  out  of  the 
wound  with  the  hook  kept  as  flat  as  is  consistent  with  its 
retaining  a  good  hold  of  it.  It  should  be  slowly  dragged  out, 
and  without  any  great  traction,  and  then  snipped  off  with  the 
scissors.  With  a  good  assistant  it  is  better  for  the  operator  to 
entrust  the  scissors  to  him  and  maintain  fixation  himself,  with 
the  forceps  held  in  the  other  hand.  Various  forms  of  iris 
scissors  are  in  use,  but  that  figured  will  be  found  as  good  as  any, 
and  less  likely  to  get  out  of  order.  When  the  iris  forceps  is 
used  it  should  be  introduced  closed,  until  the  points  lie  just 
over  the  margin  of  the  pupil,  when  they  are  allowed  to  open, 
and  are  at  the  same  time  pressed  gently  down  upon  the  iris. 
In  this  way  a  portion  of  the  iris,  including  a  portion  of  the 
pupillary  margin,  rises  in  between  the  two  limbs  of  the  forceps, 
which  are  then  firmly  closed  and  slowly  withdrawn,  until  a  good 
snip  can  be  got  with  the  scissors  outside  the  wound,  which 
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leaves  a  piece  of  detached  iris  in  the  forceps.  A  stream  of 
sublimate  lotion  may  now  be  poured  upon  the  wound.  The 
eye  is  then  closed  and  gentle  friction  made  over  the  lid  ;  in  this 
way  any  part  of  the  iris  caught  in  the  wound  is  as  a  rule  libe- 
rated, but  if  the  iris  should  not  have  returned  to  its  place  it 
may  be  gently  dragged  away,  by  passing  the  caoutchouc  spud 
into  the  angles  of  the  wound  and  on  to  the  surface  of  the 
iris.  This  must  only  be  done,  and  with  great  care,  when  the 
first  proceeding  fails.  If  there  is  any  bleeding,  the  upper  lip  of 
the  wound  should  be  slightly  depressed,  so  as  to  permit  of  its 
escape,  but  attempts  to  remove  blood  should  not  be  persisted  in 
for  any  length  of  time.  The  bleeding  usually  comes  from  the  con- 
junctiva, a  portion  of  which  may  have  been  snipped  oiT  along 
with  the  iris.  Care  should  therefore  be  taken  in  using  the 
scissors  to  see  that  only  iris  is  included  between  its  blades. 
A  dressing  is  applied  in  the  way  described  at  page  689,  and  kept 
on  for  twenty-four  hours,  when  it  is  reapplied  as  before.  After 
forty-eight  hours  it  may  be  removed  altogether,  and  a  shade 
worn  over  both  eyes. 

Iridectomy  for  Glaucoma. — It  is  impossible  in  the  way 
already  described  to  remove  a  portion  of  the  iris  which  extends 
quite  to  its  peripheral  attachment.  Unless  it  be  actually  torn 
away,  a  peripheral  piece  remains,  corresponding  in  depth  to  the 
distance  separating  the  iris  periphery  from  the  inner  incision, 
plus  ;the  thickness  of  the  cornea.  In  operating  for  glaucoma, 
the  iridectomy  should  be  large  and  also  as  peripheral  as  possible. 
"Whether  this  be  always,  or  even  ever,  absolutely  necessary,  may 
be  open  to  question,  but  at  all  events  such  are  the  traditional 
requirements  for  the  operation  in  that  disease.  The  instru- 
ments required  are  the  same  as  for  the  performance  of  an 
optical  iridectomy,  only  the  keratome  should  be  larger,  in  fact 
as  large  as  possible,  and  the  iris  forceps,  and  not  the  hook,  used 
for  seizing  hold  of  the  iris. 

Some  operators  make  the  incision  in  cases  of  glaucoma  with  a 
narrow  cataract  knife  instead  of  with  a  keratome.  With  such  an 
instrument,  with  whicli  the  section  is  made  from  within  and  not  from 
without,  it  is  impossible  to  make  as  clean  a  section  as  with  a  keratome, 
if  an  attempt  be  made  to  make  it  very  peripheral.  The  difficulty  is 
increased,  too,  if  the  anterior  chamber  be  very  narrow,  as  is  frequently 
the  case ;  indeed  it  is  only  with  a  keratome  that  it  is  possible  to 
make   a  clean  peripheral  incision  uito  a  narrow  chamber.  The 
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cataract  knife,  when  used,  presses  the  iris  in  front  of  it,  braising  it, 
or  even  detaching  it  in  part  from  its  peripheral  attachment. 

Glaucomatous  eyes  are  often  small  and  deeply  placed  in  the 
orbit.  Owing  to  this,  and  to  the  greater  size  of  the  mcision  required 
in  cases  of  glaucoma,  and  the  consequent  difficult  and  often  painful 
nature  of  the  operation,  it  is  often  advisable  to  anaesthetise  the 
patient.  If  an  anaesthetic  be  not  used,  great  care  must  be  taken  to 
keep  the  patient's  head  perfectly  quiet.  Cocaine  very  often  produces 
comparatively  little  local  anaesthesia,  though  by  its  use  the  incision 
may  generally  be  made  without  causing  any  great  pain.  Much 
depends  of  coui'se  on  the  state  of  the  eye  at  the  time  of  operation ; 
in  very  acute  cases  an  anaesthetic  is  almost  absolutely  necessary  to 
avoid  running  any  risks. 

The  keratome  is  introduced  iu  the  same  manner  as  has  just 
been  described,  but  rather  further  back,  about  one  millimetre 
behind  the  apparent  sclero-corneal  margin.  Here,  too,  it  is 
still  more  essential  that  the  wound  through  the  cornea  should 
be  direct  and  not  sloping.  After  the  point  has  penetrated, 
and  the  blade  then  turned  somewhat  forwards,  the  more 
rapidly  it  can  be  introduced  into  the  anterior  chamber  the 
easier  is  it  to  get  a  sufficiently  large  incision.  In  withdrawing 
it,  the  one  edge  should  be  tilted  very  slightly  sideways,  and 
made  to  enlarge  the  opening  to  that  side.  This  should  be  done 
leisurely,  without  any  great  haste ;  nothing  looks  uglier  than  to 
see  a  keratome  rapidly  jerked  out  of  the  eye  after  the  incision 
has  been  made.  The  iris  is  then  grasped  with  the  forceps, 
which  should  be  opened  widely,  so  as  to  get  hold  of  a  good 
large  piece.  This  is  drawn  out  of  the  wound  and  cut  as  close 
as  possible  to  it,  with  the  object  of  cutting  across  a  very 
peripheral  part.  Great  care  must  afterwards  be  taken  to  pre- 
vent any  encleisis,  as  it  is  of  importance  to  obtain  healing 
without  any  irritation,  and  eventually  a  smooth  even  cicatrix. 
If  the  anterior  chamber  does  not  re-form  within  forty-eight 
hours,  it  is  best  to  leave  the  bandage  off  altogether,  or  at  all 
events  only  apply  it  very  lightly.  In  many  cases  it  is  useful 
to  continue  using  eserine  or  pilocarpine  drops  for  a  week  or  a 
fortnight  after  the  operation. 

Sclerotomy. 

An  opening  made  into  the  anterior  chamber  as  far  back,  or 
as  nearly  coinciding  with  its  angle  as  possible,  has  received  the 
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name  of  sclerotomy,  as  the  incision  lies  mainly  in  the  sclera. 
An  incision  of  this  kind  may  be  made  in  several  ways.  The 
plan  which  seems  to  be  most  commonly  adopted  is  the 
following : — After  having  obtained  a  maximal  degree  of  myosis 
with  the  use  of  eserine  or  pilocarpine  drops,  a  narrow  cataract 
knife  is  introduced  at  a  point  in  or  slightly  above  the  horizontal 
diameter  of  the  cornea,  and  quite  one  millimetre  from  its 
margin.  It  is  carried  across  the  anterior  chamber  to  a  point 
exactly  on  the  same  level  on  the  other  side,  where  a  counter 
puncture  is  made.  Then,  with  a  slight  sawing  movement,  an 
incision  is  begun,  which,  if  finished,  would  separate  the  whole 
of  the  cornea  above  the  points  of  entrance  and  exit  of  the  blade 
from  its  connection  with  the  sclera.  Only  two-thirds,  however, 
of  this  section  is  to  be  completed,  one-third  of  which  is  cut  with 
the  portion  of  the  blade  next  the  point,  and  the  other  third 
with  that  next  the  handle.  A  bridge  of  tissue  equal  to  either 
incision  is  left.  The  knife  is  then  carefully  withdrawn,  and 
any  prolapse  of  iris  replaced  with  the  caoutchouc  spud. 
The  use  of  eserine  must  be  continued  during  the  healing 
process. 

Another  method  consists  in  making  a  smaller  incision  with 
the  same  knife,  and  while  finishing  the  section  throughout  as 
far  as  the  sclera  is  concerned,  leaving  as  much  of  the  con- 
junctiva uncut  as  possible. 

Yet  another  method,  and  in  my  experience  the  best,  is  to 
make  the  incision  with  a  large  keratome,  in  every  way  as  for  a 
glaucoma  iridectomy.  It  is  generally  possible,  in  cases  which 
are  suitable  for  sclerotomy,  to  prevent  prolapse  after  this 
incision  by  the  previous  use  of  eserine,  and,  if  necessary,  the 
use  at  the  tune  of  the  caoutchouc  spud.  If,  however,  efforts 
in  this  direction  fail,  the  operation  can  be  converted  into  a 
good  iridectomy  by  the  excision  of  a  portion  of  iris.  By  the 
other  methods  any  prolapse  of  iris  cannot  be  so  satisfactorily 
treated.  Such  operations  are,  besides,  if  the  incision  be  made 
really  peripheral,  subject  to  the  same  practical  objections  as 
have  been  urged  against  the  use  of  a  cataract  knife  in  the 
performance  of  iridectomy. 


CATARACT  OPERATIONS. 


68i 


Operation  for  Prolapsed  Iris. 

If  the  patient  be  seen  shortly  after  the  occurrence  of  the 
perforation  which  has  led  to  the  prolapse,  the  iris  may  be  either 
replaced  or  seized  hold  of  with  the  iris  forceps  and  snipped  off. 
The  treatment  in  any  particular  case  is  mentioned  at  p.  149. 
When  some  time  has  elapsed  since  the  prolapse  took  place,  an 
operation  may  be  required  for  removing  it,  so  as  to  obtain  a 
smooth  cicatrix.  This  is  best  performed  as  follows  : — The  centre 
of  the  cicatricial  tissue,  including  the  prolapsed  iris,  is  transfixed 
with  a  narrow  cataract  knife,  which  is  then  made  to  cut  outwards, 
so  as  to  separate  the  base  of  the  prulapse  from  the  underlying 
cornea.  The  detached  portion  is  next  seized  with  a  pair  of  iris 
forceps,  and  snipped  off  along  with  the  remaining  prominence. 
If  an  attempt  be  made  to  cut  it  away  without  first  using  the 
knife,  the  scissors  will  be  found  not  to  get  a  good  hold,  and 
glide  over  it,  so  that  in  that  way  it  is  generally  impossible  to 
remove  it  sufficiently  thoroughly. 

Cataract  Operations. 

Discission  or  needling  for  cataract  is  practised  in  the  case  of 
lenticular  opacities  in  young  individuals.  The  object  of  the 
operation  is  to  allow  the  aqueous  humour  to  come  in  contact 
with  the  lens  substance,  which  is  thus  softened  and  slowly 
absorbed.  To  effect  this,  it  is  necessary  to  make  an  opening  in 
the  lens  capsule,  and  at  the  same  time  break  down,  to  some 
extent,  the  substance  of  the  lens  as  well.  The  instrument  used 
for  this  purpose  is  a  sharp  needle,  the  body  of  which  is  made 
almost  imperceptibly  tapering,  and  at  the  same  time  accurately 
rounded,  so  as  to  prevent  any  escape  of  aqueous  whilst  it  is  in 
use.  Before  operating,  the  pupil  should  be  well  dilated  with 
atropine.  Having  taken  a  good  hold  of  the  conjunctiva  with 
the  fixation  forceps  held  in  the  left  hand,  the  needle,  which  has 
been  rendered  thoroughly  aseptic,  is  pushed  through  a  peripheral 
portion  of  the  cornea  until  it  reaches  the  capsule  of  the  lens. 
The  handle  is  then  slightly  depressed,  and  at  the  same  time  the 
needle  pushed  a  little  further  through  the  cornea,  and  then,  by 
a  movement  round  the  portion  of  it.  which  is  grasped  by  the 
cornea  as  axis,  it  is  made  to  make  a  linear  cut  through  the 
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capsule  in  a  vertical  or  nearly  vertical  direction.  It  is  then 
slightly  withdrawn,  and  a  horizontal  incision  made  through  the 
capsule  in  the  same  way.  The  capsule  is  thus  opened  by  a 
crucial  incision,  and  after  this  has  been  done,  more  or  less  of  the 
lens  may  be  stirred  up  with  the  end  of  the  needle,  care  being 
taken  that  the  whole  thickness  is  not  pierced  at  any  place.  The 
needle  is  then  quickly  withdrawn,  the  eye  washed  with  a  stream 
of  corrosive  sublimate  solution,  and  a  bandage  applied.  For 
some  time  afterwards  the  pupil  must  be  kept  well  dilated  with 
atropine,  so  as  to  prevent  any  synechise  forming. 

The  main  point  in  the  operation  consists  in  making  a 
satisfactory  opening  in  the  capsule.  If  the  needle  be  merely 
stuck  into  the  lens,  and  the  point  then  moved  about  so  as  to 
stir  it  vip,  a  proper  absorption  does  not  follow,  and  there  is  a 
risk  besides  of  rapid  swelling  taking  place  within  the  capsule, 
which  may  give  rise  to  considerable  irritation. 

In  children  no  further  operation  is  required  as  a  rule. 
Every  case  should,  however,  be  carefully  watched  for  some  days 
afterwards,  as  it  occasionally  happens  that  when  a  considera- 
able  quantity  of  softened  and  swollen  opaque  lens  matter  falls 
all  at  once  into  the  anterior  chamber,  it  interferes  with  the 
normal  excretion  of  the  fluids  of  the  eye,  and  may  thus  give 
rise  to  glaucomatous  symptoms,  which  may  endanger  the  eye. 
When  this  occurs,  it  is  often  at  the  same  time  accompanied  by 
pain  and  vomiting.  It  is  the  more  likely  to  occur  the  older  the 
individual  on  whom  the  operation  is  performed,  and  the  more 
freely  the  capsule  and  lens  have  been  needled.  Under  these 
circumstances  it  is  necessary  to  extract  as  much  of  the  lens 
matter  as  can  be  readily  got  away  from  the  anterior  chamber. 
There  are  different  ways  of  doing  this,  but  the  best  is  by  making 
a  small  limar  extraction.  This  is  done  with  a  keratome.  The 
keratome  is  entered  through  the  cornea,  about  2  millimetres 
from  its  margin,  taking  care  that  the  wound  is  quite  perpendi- 
cular to  the  surface.  The  incision  thus  made  should  be  4  or  5 
millimetres  in  length.  After  withdrawing  the  keratome,  the 
upper  lip  of  the  wound  is  depressed  with  a  small  scoop,  along 
which  the  aqueous  and  lens  matter  are  allowed  to  escape.  If 
the  whole  of  the  contents  of  the  anterior  chamber  do  not  come 
at  once  in  this  way,  the  eye  may  be  closed  for  a  minute  or  two, 
and  the  manoeuvre  repeated.    It  is  best,  if  possible,  to  avoid 
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introducing  the  scoop  into  the  chamber,  and  in  any  case  it  is 
not  necessary,  although  of  course  it  hastens  matters,  to  extract 
all  the  lens  substance. 

Some  surgeons  make  a  practice  of  always  extracting  a  few  days 
after  needling,  whetlier  that  be  followed  by  any  irritation  or  not.  The 
time  required  for  the  cure  of  the  cataract  is  thus  shortened,  and,  if  a 
linear  extraction  performed  in  the  way  described  be  practised,  with 
proper  antiseptic  precautions,  it  is  a  A'ery  safe  proceeding.  There  is 
necessarily,  however,  a  slight  increase  in  the  risk  as  compared  with 
needling  alone  and  leaving  the  absorption  to  take  place  in  the  course 
of  nature. 

The  broken-up  lens  matter  may  also  be  removed  by  the  method  of 
suction.  Having  made  a  linear  incision  in  the  cornea  in  the  manner 
already  described,  the  nozzle  of  a  suction  syringe  is  introduced  well  into 
the  anterior  chamber,  and  the  softened  lens  matter  slowly  sucked  up  into 
it.  Two  forms  of  syringe  are  used,  Bowman's  and  Teale's.  In  the  one 
the  suction  is  got  by  means  of  raisuig  a  piston  with  the  thumb,  while 
the  tube  of  the  syringe  is  firmly  held  by  the  first  and  second  finger 
inserted  into  two  rings  fixed  to  the  tube.    The  other  suction  curette  con- 


Tig.  189. — a.  Graefe's  knife  ;  b.  Cystotome  aud  tortoise-shell  scoop. 


sists  of  a  sUver  nozzle  attached  to  a  glass  tube  four  or  five  inches  long, 
ending  in  a  flexible  indiarubber  tube,  with  a  glass  mouthpiece  at  the 
other  end.  The  suction  is  made  with  the  mouth.  Those  who  attempt 
removing  lens  matter  by  suction  shoidd  pay  attention — first,  to 
securing  the  absolute  asepticity  of  the  syringe ;  and,  secondly,  to  the 
manner  in  which  they  hold  it  in  the  chamber.  An  instrument  of  this 
kind,  it  must  be  remembered,  is  more  difficult  to  render  aseptic  than 
most  others.  The  nozzle  has  its  opening  on  its  anterior  surface,  con- 
sequently it  is  necessary,  in  order  to  avoid  having  to  exert  too  power- 
ful a  suction,  to  get  it  well  behind  the  matter  which  it  is  desired  to 
suck  up.  Care  must  also  be  taken  that  it  does  not  get  behind  the  iris, 
or  be  allowed  to  enter  so  deeply  that  the  posterior  lens  capsule  is 
ruptured.  Yery  pretty  residts  may  be  obtained  by  this  method  ;  but 
it  is  very  questionable  whether  on  the  Avhole  it  is  better  than  the 
simple  linear  extraction,  and  it  is  certainly  not  so  safe. 

Cataract  Extraction. — The  method  of  extracting  senile  cataract 
now  almost  universally  followed  is  one  which  difl'ers  but  to  a  slight 
extent  from  that  introduced  by  von  Graefe  as  his  modified  linear  opera- 
tion.   Slight  differences  made  by  diflFerent  operators  in  the  position  of 
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the  incision  have  led  tlicm  to  describe  modifications,  Avhich  they  have 
been  pleased  to  dignify  by  the  name  of  new  methods,  but  these  have 
in  almost  all  cases  been  so  trivial  that  they  do  not  require  any  serious 
consideration. 

The  instruments  required  for  extraction  with  iridectomy  are 
the  following  (see  Figs.  188  and  189) : — A  spring  speculum,  a 
fixation  forceps,  a  narrow  cataract  knife  (Graefe's  knife),  a  pair 
of  ills  forceps,  iris  scissors,  a  cystotome  or  capsule  forceps,  and 
a  tortoise-shell  scoop,  generally  fixed  at  the  other  end  of  the 
cystotome,  as  in  Fig.  189).  Further,  in  case  they  should  be 
required,  there  should  be  at  hand  a  caoutchouc  or  tortoise-shell 
spud  for  replacing  the  iris,  and  a  wire  vectis  to  remove  the  lens, 
should  it  become  dislocated,  or  should  there  be  any  early  escape 
of  vitreous.    It  is  useful  to  have  also  a  wire  elevator  (Fig.  190), 


TiH.  190. — a.  Wire  vectis  ;  6.  Wire  elevator. 


wliich  can  be  used  when  the  speculum  has  been  removed,  if  it 
should  be  necessary,  or  appear  advisable  to  remove  that  instru- 
ment before  the  completion  of  the  operation. 

After  the  eye  has  been  cocainised,  and  the  conjunctival  sac 
well  washed  out  with  corrosive  sublimate  solution,  1  to  5000, 
the  speculum  is  introduced.  The  form  of  speculum  shown  in 
Fig.  188  is  a  useful  one,  as  it  can  be  used  for  either  eye  without 
getting  in  the  way,  and  is  sufficiently  strong,  owing  to  the 
rectangular  shape  of  the  arms,  to  resist  any  attempt  on  the  part 
of  the  patient  to  close  the  eye.  If  the  operator  uses  his  right 
hand  for  making  the  section,  he  will  stand  behind  the  patient 
when  operating  on  the  right  eye,  and  in  front  of  him  when 
operating  on  the  left.  This  is  necessary,  as,  owing  to  the 
nose  getting  in  the  way,  the  section  has  to  be  made  from  the 
temporal  side. 

If  the  section  be  made  upwards,  which  position,  though  not  ahvays 
the  easiest,  on  account  of  the  tendency  that  there  is  to  roll  the  eyes 
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upwards,  is  for  other  reasons  the  best,  the  surgeon  will  cut  towards 
him  in  operating  on  the  right  eye,  and  away  from  him  in  operating  on 
the  left.  Either  way  is  equally  easy,  but  many  operators  always  cut 
towards  them,  and  make  tlie  section  in  the  left  eye  with  the  left  hand. 
It  is  rare  indeed  that  this  can  be  done  with  the  same  degree  of  preci- 
sion, as  a  constant  rule,  as  may  be  acquired  with  the  right  hand,  unless 
the  operator  be  really  left-handed.  In  many  cases  a  disproportionate 
amount  of  practice  is  required  even  to  make  a  tolerably  good  left- 


handed  operator,  practice  which  is  hardly  justifiable  for  what  is  after 
all  an  unnecessary  accomplishment.  Of  numerous  operators  whom  I 
have  seen,  I  have  never  yet  seen  one  who  could  honestly  be  said 
to  use  either  hand  with  equal  facility,  and  on  this  account  it  is 
perhaps  not  too  much  to  say  that  the  patient  should  always  be  allowed 
the  benefit  of  the  best  hand. 

A  firm  hold  is  taken  of  the  conjunctiva  and  subconjunctival 
tissue  with  the  forceps  held  in  the  left  hand.    This  fixation 
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should  be  made  in  a  line  with  the  vertical  diameter  through  the 
cornea,  and  therefore  exactly  opposite  the  mid-point  of  the  sec- 
tion about  to  be  made.  If  fixation  be  made  at  any  other  place, 
it  may  interfere  with  the  proper  performance  of  the  section. 
The  knife  is  then  entered  by  making  a  'puncture,  at  the  corneo- 
scleral margin,  and  at  a  point  on  a  level  with  a  semi-dilated 
pupil.  In  making  the  puncture,  the  point  of  the  knife  is  directed 
towards  the  centre  of  the  pupil,  or  rather  lower.  As  soon  as  it 
has  properly  entered  the  chamber,  it  is  steadily  pushed  forwards, 
while  being  gradually  given  a  direction  parallel,  or  nearly  so, 
with  the  horizontal  diameter  through  the  cornea,  until  its  point 
catches  in  the  angle  of  the  anterior  chamber  exactly  on  a  level 
with  the  first  puncture.  At  this  point  the  counter  puncture 
is  made,  and  then  the  knife  is  quickly,  and  with  as  little 
possible,  cut  out,  so  as  to  make  a  section  which  lies 
throughout  just  about  in  the  apparent  corneo-scleral  margin 
(see  Fig.  191). 

If  the  knife  should  catch  too  soon,  that  is,  before  its  point  has 
reached  fairly  to  the  angle  of  the  chamber,  it  may  be  slightly  with- 
drawn and  directed  towards  a  better  pouat.  This  must  be  done  care- 
fully, and  without  increasing  the  size  of  the  opening  at  the  puncture, 
so  as  to  retain  the  aqueous  humour  as  far  as  possible.  Somethnes, 
owing  to  the  aqueous  escaping,  the  iris  faUs  in  fi-out  of  the  knife 
immediately  after  the  counter  puncture  has  been  made.  When  this 
happens  two  courses  are  open  to  the  operator, — either  to  withdraw 
the  knife  slowly,  and  postpone  the  operation  for  some  days,  or  pro- 
ceed with  the  section,  cuttmg  through  the  iris  at  the  same  time. 
The  latter  does  not  interfere  altogether  with  the  successful  termina- 
tion of  the  operation,  although  it  may  complicate  it  by  causing 
bleeding  into  the  anterior  chamber. 

After  the  section  has  been  made,  if  there  be  any  little  flap 
of  conjunctiva,  it  should  be  turned  over  on  to  the  cornea,  so  as 
to  free  the  lips  of  the  wound.  A  piece  of  iris  is  then  removed 
with  the  iris  forceps  and  scissors.  A  small  iridectomy,  4  to  5 
millimetres  in  width,  is  all  that  is  required ;  it  is  therefore  not 
necessary  to  exert  any  traction  with  the  forceps,  care  being  taken 
only  that  the  pupillary  margin  is  seized  and  drawn  out.  The 
cutting  should  therefore  also  be  made  with  one  snip,  and  not  as 
was  at  one  time  very  much  practised,  by  means  of  several  snips, 
freeing  first  the  one  side,  and  dragging  out  as  much  ii-is  as 
could  be  got.    By  cutting  the  iris  in  this  manner,  and  by  making 
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the  incision  in  the  way  described,  and  not  more  peripherally,  as 
was  formerly  done,  we  may  to  a  great  extent  avoid  any  encleisis 
of  the  iris.  After  the  iridectomy  has  been  completed,  it  is  well 
to  see  that  the  iris  is  free.  If  not,  a  little  friction  made  with 
the  lid  over  the  eye  will  generally  be  sufficient  to  free  it ;  but 
should  this  not  be  the  case,  recourse  may  be  had  to  the  caout- 
chouc spud,  which  can  be  used  to  much  greater  effect  at  this 
stage  of  the  operation  than  after  the  lens  has  been  removed.  If 
there  is  now  any  manifest  pressure  of  the  speculum  on  the  eye, 
or  if  the  patient  be  unruly,  that  instrument  should  be  removed, 
or  an  assistant  may  be  allowed  to  hold  it  in  such  a  way  as  to 
avoid  any  pressure.  The  cystotome  is  then  introduced  into  the 
anterior  chamber,  the  cutting  edge  or  pricking  point  being  held 
parallel  with  the  surface  of  the  lens,  until  it  has  been  pushed  as 
far  down  as  the  lower  margin  of  the  pupil,  or,  if  it  can  be  done 
without  any  difficulty,  even  behind  the  iris  in  this  situation. 
The  point  is  then  directed  to  the  lens,  the  capsule  of  which  it 
readily  pierces,  and  in  which  it  is  made  to  tear  an  opening  by 
being  steadily  withdrawn  in  a  vertical  direction  towards  the 
external  incision.  A  similar  rent  is  then  made  in  the  capsule  at 
right  angles  to  this  one,  and  as  nearly  as  may  be  along  its  upper 
circumference.  In  this  way  an  irregular  T-shaped  opening  in 
the  capsule  is  obtained. 

The  object  of  opening  the  capsule  is  to  permit  of  the  easy  escape 
of  the  lens.  It  is  a  point  which  has  always  been  much  discussed,  which 
is  the  best  way  of  doing  this  1  I  am  not  prepared  to  say  that  the  way 
just  described  is  better  than  any  other  that  may  be  employed,  but 
what  is  pretty  certain  is,  that  the  more  free  the  openuig  can  be  made, 
the  more  easily  and  completely  can  the  opaque  lens  be  removed.  Care 
should  therefore  be  taken  that  the  cystotome  really  cuts  the  capsule, 
and  is  not  allowed  to  pass  ia  between  it  and  the  lens  after  having  made 
a  rent  in  it.  It  is  to  avoid  the  possibility  of  this  that  it  is  well  to  pass 
it  far  down  first,  and  then  to  cut  towards  the  periphery.  A  good  open- 
ing can  be  got  by  using  a  pair  of  capsule  forceps  instead  of  a  cystotome. 
The  forceps  are  passed  in  closed,  until  the  points  are  slightly  beyond 
the  centre  of  the  lens,  when  they  are  opened,  pressed  gently  against  the 
surface  of  the  capsule,  and  closed.  They  are  then  withdra^\^^  slowly  and 
by  a  shght  side-to-Bide  movement.  In  order  to  see  whether  they  have 
removed  a  satisfactory  portion  of  the  capsule,  they  may  be  transferred  at 
once  to  the  dish  containing  the  antiseptic  lotion,  and  the  portion  of 
capsule  allowed  to  float  off.  The  capsiUe  forceps  are  somewhat  more 
difficult  to  manipulate  than  the  cystotome.  Care  must  be  taken,  of 
course,  not  to  press  too  firmly  on  the  lens,  as  it  may  readily  in  this 
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"way  be  dislocated.  They  must  also  be  held  in  such  a  way  as  to  avoid 
their  catching  further  back  from  the  points  in  any  of  the  tissues  in  the 
external  incision  which  would  much  interfere  with  its  tearing  away  a 
portion  of  the  capsule.  Where  a  cataract  is  complicated  with  an 
opacity  in  the  capsule,  the  forceps  are  far  more  satisfactory  than  the 
cystotome,  as  by  using  them  the  opacity  is  removed  at  the  same  time  that 
the  capsule  is  properly  opened.  This  proceeding  is  safer  than  removing 
the  capsular  cataract  after  the  lens  has  been  extracted. 

The  next  step  in  the  operation  is  to  effect  the  removal  of  the 
lens.  For  this  purpose  external  pressure  has  to  be  made.  The 
hack  of  the  tortoise-shell  scoop  is  applied  to  the  lower  part  of 
the  cornea,  and  pretty  firm  pressure  exerted.  This  causes  the 
wound  to  gape,  and  the  upper  circumference  of  the  lens  to  become 
engaged  in  it  (see  Fig.  192).  When  the  lens  has  properly  pre- 
sented in  this  way  the  pressure  is  increased,  and  at  the  same  time 


Fig.  192. 

the  scoop  gradually  caused  to  follow  it  upwards  as  it  becomes 
more  and  more  disengaged,  until  it  is  finally  completely  expelled. 
After  this  has  been  accomplished,  it  is  well  to  wash  out  the 
sac  again  with  the  antiseptic  lotion,  and  then,  by  pressing 
and  rubbing  up  the  lower  Hd  against  the  cornea  with  the  thumb, 
any  cortical  matter  which  has  been  rubbed  off  and  remains 
in  the  eye  is  to  be,  as  far  as  possible,  got  rid  of.  During 
this  coaxing  out  of  the  cortical  matter,  care  should  be  taken 
to  keep  the  eye  well  washed  with  the  corrosive  sublimate 
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lotion,  as  it  is  otherwise  not  free  from  danger,  owing  to  the 
possibility  of  micro-organisms  being  carried  into  the  wound  from 
the  lid.  It  is  better,  however,  except  where  there  is  dacryo- 
cystitis or  chronic  conjunctivitis,  to  make  the  necessary  pressure 
on  the  cornea  through  the  lid,  and  not  directly,  as  it  can  be  done 
with  less  irritation  or  injury  to  the  cornea. 

An  idea  of  the  completeness  of  the  removal  of  the  cortex 
may  be  got  by  seeing  whether  the  patient  can  count  fingers  or 
not  before  applying  the  dressing.  If  this  can  readily  be  done, 
it  shows  that  the  pupil  is  clear.  If  the  operation  has  been  per- 
formed for  an  immature  cataract,  there  may  be  some  clear  cortex 
remaining,  but  all  opaque  matter  at  all  events  has  been  removed 
from  the  line  of  vision.  When  this  clearing  has  been  made  to 
a  sufficient  extent,  or  as  far  as  may  be  advisable  in  any  parti- 
cular case,  the  caoutchouc  spud  should  be  run  along  the  wound, 
in  case  any  piece  of  capsule  or  cortex  should  be  caught  in  it.  If 
there  should  be  any  clotted  blood,  too,  it  must  be  removed  with 
the  iris  forceps,  and  attention  must  be  paid  to  the  pupil,  and  any 
catching  at  the  angles  of  the  wound  rectified  in  the  manner 
already  described.    A  dressing  must  be  then  applied. 

Different  dressings  are  used  by  different  surgeons.  The 
following  may  be  recommended  : — Next  the  eye,  which  is  gently 
closed,  is  placed  a  piece  of  lint  soaked  in  the  corrosive  sub- 
limate solution,  and  on  the  top  of  this  a  piece  of  gutta-percha 
tissue  of  or  about  the  same  size,  but  not  much  bigger  than  the 
lint.  A  pad  of  absorbent  cotton  wool  is  then  put  on  the  top  of 
this  deep  dressing,  and  kept  in  position  with  several  turns  of  a 
flannel  or  domet  bandage,  or  a  couple  of  strips  of  adhesive 
plaster.  This  dressing  is  not  changed  for  twenty-four  hours, 
and  after  the  eye  has  been  examined,  and  a  little  corro- 
sive sublimate  lotion  squeezed  into  the  conjunctival  sac,  is 
reapplied  as  before,  with  the  exception  of  the  gutta-percha 
tissue.  The  same  dressing  is  continued,  and  changed  every 
twenty-four  hours,  for  from  five  to  eight  days,  after  which  all 
that  is  required  is  a  light  handkerchief  and  shade.  If,  as  is 
generally  the  case,  the  chamber  has  re-formed  within  the  first 
twenty-four  hours,  a  dry  dressing  may  be  used  on  the  third  day, 
a  little  soft  boracic  or  iodoform  ointment  being  first  applied  to 
the  margin  of  the  lids  to  prevent  the  retention  of  the  secretions. 
The  advantage  of  the  gutta-percha  tissue  at  the  first  dressing  is 
44 
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to  keep  the  lint  wet,  and  thus  prevent  any  interference  with  the 
healing  process  from  the  accumulation  of  tears  in  the  eye.  It 
is  not  necessary  to  tie  iip  the  other  eye,  as  the  patient  himself 
does  not  move  either  eye  much,  owing  to  the  pain  which  this 
causes,  until  the  anterior  chamber  has  re-formed.  The  wound 
has  generally  so  far  healed  by  the  time  the  first  dressing  is 
changed,  so  as  to  have  permitted  the  chamber  to  become  re- 
established. If  there  should  be  no  chamber  after  two  days — an 
unusual  though  occasional  occurrence — it  is  better  to  remove 
the  bandage,  and  replace  it  by  a  light  one  which  exerts  no 
pressure  at  all  upon  the  eye.  The  patient  should  be  kept  in 
bed  for  a  couple  of  days  at  any  rate,  unless  he  should  be  very 
corpulent,  or  should  suffer  from  diabetes,  when  it  is  generally 
inadvisable  to  keep  him  in  bed  after  the  first  day.  For  the  first 
few  days  it  is  as  well  to  keep  the  patient  in  semi-darkness, 
where  this  is  possible ;  he  should  at  any  rate  be  protected  from 
any  strong  light  falling  directly  on  the  eyes. 

If  during  the  attempt  to  force  the  lens  through  the  external 
woimd  any  of  the  vitreous  should  escape,  it  becomes  necessary 
to  abandon  the  pressure  on  the  cornea,  as  this  would  only  cause 
further  loss  of  vitreous  without  resulting  in  the  escape  of  the 
lens.  The  lens  has  then  to  be  extracted  with  the  vectis,  see 
rig.  190  a.  This  instrument  is  pushed  well  behind  it,  by  first 
being  passed  backwards,  taking  care  not  to  dislocate  it  any 
further.  When  it  has  been  got  well  in  position  behind 
the  lens,  it  is  withdrawn  slowly,  a  slight  pressure  forwards 
being  exerted  all  the  time,  so  as  to  prevent  the  lens  from 
slipping  off  by  supporting  it  against  the  cornea  in  front.  It  is 
generally  necessary  to  leave  most  of  the  cortical  matter  which 
may  not  have  been  extracted  with  the  vectis.  Some  of  it  may  be 
removed  by  carefully  introducing  the  curette,  but  this  pro- 
ceeding should  not  be  repeated  too  often,  and  if  there  has  been 
a  good  deal  of  vitreous  expelled  at  the  same  time  as  the  lens, 
should  not  be  tried  at  all.  When  there  has  been  an  escape 
of  vitreous,  extra  care  must  be  taken  in  the  after  treatment. 
It  is  better  to  tie  up  both  eyes,  and  not  to  open  the  one  on 
which  the  operation  has  been  performed  until  after  forty- 
eight  hours. 

Syringing  out  of  the  anterior  chamber  is  recommended  by  M'Keown 
in  cases  where  it  is  difficult  to  remove  cortical  matter,  as  where  the 
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cataract  has  been  immature  at  the  time  of  oiDcration.  This  is  used  by 
him  instead  of  the  external  pressure  exerted  either  directly  on  the 
cornea  or  through  the  lid,  as  has  just  been  described.  This  method 
does  not  seem  to  have  had  very  many  followers,  and  in  point  of  fact 
it  is  seldom  that,  when  the  capsule  has  been  properly  opened,  and 
some  time  is  given  for  a  little  aqueous  humour  to  accumulate,  any  such 
proceeding  is  called  for. 

"When  an  extraction  has  been  performed  in  an  eye  where  there  has 
been  any  dacryocystitis  or  conjunctivitis,  it  is  a  good  plan  to  cover  up 
the  wound  with  a  thick  layer  of  finely  powdered  iodoform  before  tying 
up  the  eye.  Such  eyes  are  better  left  without  a  bandage  as  soon  as  the 
anterior  chamber  has  re-formed. 

In  a  very  considerable  proportion  of  cases  of  extraction  some 
degree  of  iritis  takes  place  during  the  healing  process.  As  a 
rule  this  is  very  slight,  but  wherever  there  is  any  indication  of 
it,  atropine  should  be  used  to  prevent  any  adhesion  to  the  lens 
capsule.  The  most  unfortunate  accident  which  may  happen 
after  an  extraction  is  suppuration  of  the  corneal  wound.  If 
this  goes  on,  it  leads  to  more  or  less  complete  destruction  of 
the  cornea  by  extension  of  the  inflammatory  changes,  and  this, 
as  well  as  a  complication  with  purulent  iritis,  to  which  there 
is  a  tendency,  results  in  the  loss  of  all  useful  vision,  and  not 
infrequently  in  the  complete  disorganisation  of  the  eye.  This 
accident  is  probably  always  due  to  septic  inoculation  of  the 
wound.  It  generally  begins,  so  far  as  it  can  be  observed,  after 
the  first  twenty-four  hours.  The  chamber  is  then  found  to  be 
empty,  the  conjunctiva  reddened  and  chemotic;  the  edges  of  the 
wound  are  slightly  infiltrated,  and  a  greyish  haze  extends  more 
or  less  distinctly  down  into  the  cornea.  The  patient  complains 
of  pain  and  has  often  suffered  during  the  night  from  sickness. 
When  this  state  of  matters  is  observed,  no  time  should  be  lost 
in  attempting  to  check  the  progress  of  the  infiltration.  This 
may  be  done  either  by  using  the  thermocautery,  or  by  applying 
a  solution  of  nitrate  of  silver,  10  grains  to  the  ounce,  directly 
to  the  wound.  The  eye  should  afterwards  be  frequently  bathed 
with  the  corrosive  sublimate  solution,  or,  better  still,  with 
freshly  prepared  chlorine  water.  Since  the  introduction  of 
corrosive  sublimate  this  accident  is  fortunately  very  much 
rarer  than  it  formerly  was.  Occasionally  it  may  be  checked 
in  the  way  described,  but  more  often  all  attempts  to  do  so 
fail. 
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In  some  cases  of  cataract  it  is  advisable,  instead  of  rupturing 
the  capsule  of  the  lens,  to  extract  it  as  well  along  with  the  lens. 
Some  operators  even  make  this  a  rule.  The  result,  as  far  as  vision 
goes,  is  more  immediately  brilliant  than  when  the  capsule  is  left 
in  the  eye,  but  the  operation  is  certainly  much  more  risky,  as  it 
entails  the  loss  of  more  or  less  vitreous,  besides  the  irritation 
which  may  result  from  the  tearing  away  of  the  suspensory 
ligament  from  its  attachments.  In  all  cases,  however,  where 
the  lens  is  more  or  less  dislocated,  or  where  it  is  over  ripe 
and  shrunken,  and  also  where  it  has  undergone  calcareous 
degeneration,  it  should  be  extracted  in  its  capsule.  Pagen- 
stecher's  curette  or  spoon  (Fig.  193)  should  be  used  for  this 
purpose.  It  is  introduced  well  behind  the  lens,  which  by  it  is 
pushed  up  against  the  back  of  the  cornea ;  a  tortoise-shell  scoop 
is  then  used,  with  which  pressure  is  exerted  on  the  cornea,  so  as 
to  cause  the  lens  to  glide  slightly  upwards  on  the  large  spoon. 


Fig.  193. — Pagensteoher's  spoon. 


When  it  is  found  to  move,  the  spoon  is  slowly  withdrawn, 
whilst  at  the  same  time  external  pressure  is  kept  up  with  the 
scoop,  which  is  made  to  follow  the  other  instrument  as  it  is 
removed.  This  operation  requires  the  aid  of  a  skilled  assistant 
to  manipulate  the  external  scoop,  while  the  operator  holds  the 
fixation  forceps  in  one  hand  and  Pagensteoher's  spoon  in  the 
other.  When  carefully  performed  there  need  not  be  any  great 
loss  of  vitreous ;  but  that  will  depend  to  some  extent  on  the 
consistency  of  the  vitreous. 

In  cases  of  capsular  cataract,  and  of  shrivelled-up  congenital 
cataract  in  children,  the  whole  thickened  opaque  membrane  may 
be  removed  with  the  capsule  forceps  through  a  fair-sized  linear 
incision.  This  operation  does  not  entail  any  particular  risks  if 
it  be  done  carefully.  The  capsule  forceps  having  been  intro- 
duced, and  a  good  hold  of  the  membrane  having  been  got  witli 
them,  they  must  be  very  slowly  removed,  and  with  a  slight  side-to- 
side  movement.  If  it  is  found  that  great  resistance  is  offered  to 
the  complete  removal,  as  much  as  readily  comes  away  may  be 
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snipped  off  with  the  iris  scissors,  and  the  rest  allowed  to  be 
dragged  back  again  into  the  eye. 

If,  owing  to  having  made  too  small  an  incision,  or  to  any  other 
cause,  considerable  difficulty  has  been  experienced  in  extracting  a 
cataract,  so  that  the  scoop  has  had  to  be  used  more  freely  on  the 
cornea  than  usual,  there  will  be  foimd  on  examining  the  eye  a  milky 
opacity  of  the  cornea,  which,  on  close  inspection,  will  be  seen  to  be 
due  to  a  finely  striated  interstitial  opacity,  the  result  no  doubt  of  some 
stagnation  in  the  lymph  channels.  This  appearance  may  remam  for  a 
number  of  days,  but  eventually  clears  off.  It  is  due  to  injury  to  the 
cells  Iming  the  back  of  the  cornea,  and  is  favoured  by  the  action_  of 
corrosive  sublimate  when  some  of  the  lotion  used  during  the  operation 
passes  into  the  chamber. 

An  opacity  due  to  cocaine  has  been  described,  but  this  I  have 
never  seen,  though  I  have  all  along  used  it  freely,  and  m  combina- 
tion with  corrosive  sublimate  and  different  other  antiseptics,  as  well 
as  with  mydriatics  and  myotics.  There  can  be  httle  doubt  that  this  is 
due  to  the  presence  in  some  specimens  of  cocaine  of  an  irritant  alka- 
loid which  cannot  readily  be  separated  from  the  cocaine.  The  opacity 
produced  appears  to  be  confined  to  the  epithehal  layer  of  the  cornea, 
though  it  may  nevertheless  remain  permanent. 

A  number  of  operators,  and  amongst  them  some  of  the  most 
experienced,  have  recently  reverted  to  the  old  plan  of  extracting  with- 
out iridectomy.  It  is  not  difficult  to  understand  that  those  who  were 
in  the  habit  of  making  very  large  iridectomies,  such  as  were  the  rule 
for  some  time  after  the  introduction  of  the  modified  linear  extraction, 
should  have  resorted  to  the  simple  operation  and  discarded  iridectomy 
altogether.  These  large  iridectomies  are  certauily  unsightly,  and  the 
proportion  of  cases  in  which  encleisis  takes  place,  when  the  section  is 
made  as  peripheral  as  von  Graefe  recommended,  is  by  no  means  trifling. 
Besides,  the  large  peripheral  portion  of  the  cornea,  through  which 
rays  are  thus  permitted  to  reach  the  retma,  is  apt  to  render  the  image 
less  sharp.  On  the  other  hand,  the  same  disadvantages  do  not  attend 
the  performance  of  a  small  iridectomy  and  a  less  peripheral  incision. 
There  is  little  tendency  to  bad  encleisis  and  little  interference  with  vision, 
especially  when  the  iridectomy  is  done  upwards.  The  removal  of  the 
cataract  is  also  easier  if  unripe,  and  the  risks  on  subsequent  bursting 
of  the  wound  are  less.  The  only  disadvantages  are,  therefore,  a  wound 
in  the  iris  and  a  less  beautiful  pupil.  Those  who  have  been  in  the 
habit  of  operating  in  this  manner  may  fairly  claim  that  the  former 
disadvantage,  which  may  even  be  got  rid  of  altogether  by  the  per- 
formance of  a  preliminary  iridectomy,  is  at  least  outweighed  by  the 
diminished  risk  of  encleisis  or  bad  prolapse  of  iris  in  case  of  the 
wound  bursting  where  no  iridectomy  has  been  done.  The  cosmetic 
advantages  of  a  round  active  pupil,  when  it  can  be  obtained,  are 
altogether  trifling  in  those  elderly  individuals  who  are  the  usual 
subfects  of  cataract  extraction.  The  game  is,  in  fact,  not  worth  the 
candle. 
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Operations  for  After  Cataract. 

In  a  certain  proportion  of  cases  in  which  a  cataractous  lens 
has  been  removed,  it  becomes  necessary,  sooner  or  later,  to 
perform  some  operation  in  order  to  further  increase  the  trans- 
parency of  the  pupil.  The  proportion  of  cases  where  this  is 
necessary  will  be  less,  according  as  one  has  at  the  time  of 
operation  been  successful  in  removing  the  cortical  lens  matter 
from  the  eye,  or  according  as  the  subsequent  absorption  of  any 
remaining  cortical  matter  has  been  more  and  more  complete. 
The  degree  of  iritis,  too,  following  the  extraction  is  of  influence 
in  this  respect.  When  there  has  been  any  considerable  degree, 
a  subsequent  operation  will  always  be  necessary  before  good 
vision  can  be  obtained.  The  operation  to  be  selected  in  any 
case  depends  upon  the  degree  of  opacity  as  well  as  upon  the 
nature  of  the  membrane. 

The,  Double  Needle  or  Tearing  Operation. — Some  time  previous 
to  performing  the  operation,  atropine  is  dropped  into  the  con- 
junctival sac,  in  order  to  get  as  great  a  retraction  of  the  iris 
as  possible.  When  the  speculum  has  been  introduced,  the 
operator,  standing  behind  the  patient's  head,  enters  a  stop 
needle  with  his  right  hand  through  the  cornea  at  a  short 
distance  from  its  a^Dparent  margin.  If  the  right  eye  be  the 
one  operated  on,  the  needle  is  entered  at  the  outer  side,  if  the 
left  at  the  inner  side.  It  is  pushed  obliquely  inwards  so  as  to 
pierce  the  membrane  occupying  the  pupil  at  a  point  opposite  the 
centre  of  the  cornea.  Holding  the  needle  steadily  in  position, 
a  similar  one  is  next  introduced  with  the  left  hand  through  a 
corresponding  ■  and  opposite  point  of  the  cornea,  and  pushed 
through  the  membrane  alongside  of  the  first ;  then,  by  simul- 
taneously raising  the  handles  of  both  needles,  their  points  are 
made  to  describe  circles  in  opposite  directions  round  the  portions 
where  the  cornea  is  penetrated,  and  a  hole  is  thus  lacerated  in 
the  membrane.  The  needles  should  not  be  pushed  further 
through  the  membrane  than  just  sufficient  to  pierce  it.  After  a 
good  hole  has  been  got  in  this  way  they  are  quickly  withdrawn 
and  a  dressing  applied  for  twenty-four  hours,  in  the  same 
manner  as  has  been  described  as  suitable  after  extraction. 

This  operation  is  best  suited  for  obtaining  an  oi^pning  in  very  fine 
membranes,  such  as  are  composed  almost  entirely  of  the  opaque 
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capsule,  and  which  have  gradually  developed  after  a  longer  or  shorter 
period  of  greater  transparency. 

The  Narrow  Knife  or  CiUting  Operation.— In  this  operation 
a  knife  about  two-thirds  as  long  and  one-half  as  broad  as  an 
ordinary  Graefe's  knife  is  used.  The  operator  steadies  the  eye 
with  the  fixation  forceps,  and  introduces  the  knife  through  the 
outer  or  inner  side  of  the  cornea,  according  as  the  right  or  left 
eye  is  the  one  operated  on.  The  cutting  edge  is  directed  towards 
the  eye,  and  the  knife  pushed  obliquely  inwards  until  its  point 
penetrates  the  membrane  as  far  over  to  the  opposite  side  as  is 
possible  without  wounding  the  iris.  It  is  allowed  to  remain  m 
this  position  for  a  second,  and  then  in  raising  the  handle  the 
blade  is  made  to  cut  its  way  through  the  membrane. 

In  performing  this  operation,  it  is  important  not  to  make  an 
attempt  to  sweep  round  the  blade  immediately  after  it  has  entered  lar 
enoucrh  into  the  chamber,  as  by  so  doing  one  frequently  fails,  even 
with  a  very  sharp  knife,  to  obtain  a  good  opening,  owing  to  the  yield- 
in^  nature  of  the  membrane  and  its  attachments.  By  first  piercing 
th°e  membrane,  however,  as  described,  and  then  waiting  for  a  second  or 
two  it  comes  to  lie  with  its  cut  edge  up  against  the  edge  of  the  knite, 
and  is  easily  divided  without  any  traction.  This  is  the  best  operation 
in  all  cases  where  the  membrane  is  at  all  dense.  Not  only  is  a  better 
openincr  obtained  in  this  way  than  with  needles,  but  it  gives  rise  to  no 
uritation.  It  is  suitable  in  all  cases  where  an  operation  is  required 
shortly  after  extraction  to  complete  the  transparency  of  the  pupd,  and 
where  there  has  not  been  so  much  iritis  as  to  lead  to  any  drawing  up 
of  the  pupil.  The  double  needle  operation  is  often  used  for  such  cases 
as  well  •  but  when  the  membrane  is  tough  it  is  more  difficult  to  pro- 
cure in  this  way  a  satisfactory  opening,  a  longer  manipulation  is 
necessary,  and,  besides  this,  a  degree  of  dragging  on  the  attachments 
of  the  membrane  is  caused,  which  may  lead  to  very  considerable 
irritation,  and  the  eventual  closing  up  of  the  aperture.  When  the 
operator  has  assistance  the  cutting  operation  may  be  performed  by 
oblique  iUumination  with  the  patient  seated  on  a  chair  m  the  dark 
room. 

The  Seissors  Operation,  or  Iridotomy.—K  good  hold  is  taken 
of  the  conjunctiva  with  the  fixation  forceps,  and  a  narrow 
keratome  introduced  into  the  anterior  chamber  as  near  as 
possible  to  the  corneo-scleral  margin.  The  keratome  may  be 
made  to  pierce  the  iris  at  the  same  time.  The  incision  should 
not  be  too  small,  as  it  should  be  large  enough  to  enable  one  to 
use  the  iridotomy  scissors  freely;  it  should  therefore  be  at  least 
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3  millimetres  at  its  inner  opening.  After  the  keratome  has 
been  slowly  withdrawn,  a  pair  of  Wecker's  iridotomy  scissors 
are  introduced.  The  one  blade,  which  should  preferably  be 
sharp,  is  passed  well  underneath  the  iris  and  membrane,  and  the 
other  above  it  until  the  opposite  angle  of  the  chamber  is  reached, 
when,  by  a  firm  snip,  the  intervening  tissues  are  divided,  and 
the  scissors  quickly  withdrawn  closed.  The  direction  in  which 
the  blades  of  the  scissors  are  passed  should  be  at  right  angles  to 
the  stretched  fibres  of  the  iris. 

This  operation  is  suitable  for  most  cases  where  the  pupil  has 
become  closed  and  drawn  up  owing  to  iritis  after  extraction.  The 
iridotomy  scissors  are  often  made  too  long  in  the  blades.  They  should 
not  be  inuch  larger  than  two-thirds  the  diameter  of  the  anterior 
chamber  or  three-eighths  of  an  inch.  The  difficulty  in  performing  the 
operation  properly  is  to  get  the  blades  sufficiently  separated  so  as  to 
pierce  through  the  whole  thickness  of  the  obstructing  screen  near 
enough  to  the  side  at  which  the  section  is  made.    It  is  on  this  account 


Fig.  194. — Iridotomy  scissors. 


that  it  is  advisable  not  to  make  the  section  too  small,  and  at  the  same 
time  to  pierce  the  iris  and  subjacent  membrane  with  the  keratome. 

Excision  of  a  triangular  piece  of  Iris. — In  cases  where  the  iritis 
following  extraction  has  been  very  severe,  and  where  there  is  conse- 
quently a  want  of  elasticity  in  the  opaque  screen,  owing  partly  to 
wasting  of  the  muscular  tissue  of  the  iris,  and  partly  to  the  tough 
nature  of  the  plastic  tissue  to  which  it  is  firmly  glued,  the  following 
proceeding  may  sometimes  give  a  fair  result :— A  small  flap  consistuag 
of  both  cornea  and  iris  is  made  about  midway  between  the  centre  and 
lower  circumference  of  the  cornea,  but  rather  nearer  the  latter.  Two 
converging  snips  upwards  are  then  made  with  the  scissors  from  either 
end  of  the  iris  flap,  and  thus  a  triangular  piece  of  iris  and  subjacent 
membrane  isolated,  which  is  then  seized  and  removed  with  the  iris  or 
capsule  forceps.  In  these  cases  the  vitreous  is  often  very  fluid,  and 
a  considerable  amount  necessarily  escapes  during  the  operation,  the 
permanent  effect  of  which  depends  upon  the  degree  of  reaction  follow- 
ing, as  well  as  upon  the  clearness  of  the  vitreous. 
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Strabismus  Operations. 

Two  operations  are  practised  for  the  cure  of  strabismus.  If, 
for  instance,  the  degree  of  convergence  be  in  excess  of  that 
required  for  binocular  fixation,  we  may  have  to  divide  one  or 
both  internal  recti,  i.e.,  perform  a  tenotomy,  or  we  may  have  to 
bring  forward  the  tendon  of  one  or  both  external  recti,  i.e., 
perform  an  advancement  of  the  muscle. 

There  are  various  methods  in  use  of  performing  both  teno- 
tomy and  advancement.  The  particular  cases  for  which  these 
operations  are  suitable,  and  the  precautions  to  be  taken  in 
connection  with  them,  have  already  been  referred  to  in  Chapter 
XVII. 

Tenotomy  is  now  always  performed  by  cutting  across  the 
tendon  of  the  muscle  close  to  its  insertion  to  the  sclera,  accord- 
ing to  the  method  introduced  by  von  Graefe.  This  permits  of 
a  certain  degree  of  retraction,  but  the  presence  of  other  indirect 
attachments  prevents  the  retraction  being  too  great.  ^ 

The  instruments  required  for  the  operation  (see  Fig.  195)  are 
a  speculum,  or  a  couple  of  Desmarres'  elevators,  fixation  forceps, 
a  pair  of  blunt-pointed  scissors  (curved  on  the  flat),  and  a 
strabismus  hook.    A  tenotomy  can  generally  be  performed 
without  general  antesthesia.    A  drop  or  two  of  a  5  per  cent, 
solution  of  cocaine  produces  sufficient  local  anesthesia,  as  a  rule, 
and  it  is  better,  in  order  to  be  able  to  judge  of  the  effect  of  the 
operation,  that  the  patient  should  be  fully  awake.    In  perform- 
ing tenotomy  of  the  internal  rectus  of  the  right  eye,  or  the 
external  rectus  of  the  left  eye,  the  surgeon  stands  behind  the 
patient's  head.    For  the  other  lateral  muscles  he  may  stand  in 
front  at  either  side— preferably  the  left.    After  having  inserted 
the  speculum,  a  hold  is  taken  with  the  fixation  forceps  of  a  piece 
of  conjunctiva  lying  over  the  insertion  of  the  muscle,  a  good 
quarter  of  an  inch  therefore  from  the  border  of  the  cornea.  A 
vertical  snip  is  next  made  with  the  scissors  large  enough  to 
allow  the  blades  to  be  opened  pretty  freely  underneath  the 
conjunctiva.    The  scissors  are  then  made  to  cut  their  way  back- 
wards immediately  underneath  the  conjunctiva  until  they  cease 
to  encounter  any  resistance,  and  one  is  able  to  feel  that  their 
points  can  be  freely  moved  about.    The  scissors  are  then  with- 
drawn, and  the  hook  inserted  underneath  the  muscle.    This  is 
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clone  by  first  passing  it  backwards  along  the  upper  or  lower  edge  of 
the  inviscle,  according  to  the  one  operated  on,  in  such  a  way  that  its 
horizontal  and  convex  portion  is  parallel  with  that  edge.  On  then 
turning  it  quickly  round  it  slips  below  the  muscle  and  is  drawn 
forwards  until  it  is  arrested  by  the  attachment  of  the  tendon. 


a.  h  r 

Pig.  195. — a.  Desmarres'  elevator  ;  6.  Strabismus  scissors  ;  c.  Strabismus  hook. 

It  is  then  transferred  to  the  left  hand,  and  the  tendon  cut 
between  the  hook  and  the  eye.  After  this  has  been  done  the 
hook  is  again  inserted  and  swept  upwards  and  downwards  with 
the  object  of  testing  whether  the  division  has  been  complete. 
If  it  should  catch  on  any  portion  of  the  insertion  which  has 
escaped  division,  this  portion  must  .be  divided  with  the  scissors. 
A  suture  is  then  used  to  bring  the  edges  of  the  wound  in  the 
conjunctiva  togetlier.    The  suture  should  be  passed  diagoimlly 
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doiomoards  and  inwards,  and  only  take  in  the  conjunctiva.  A 
deeper  suture  placed  horizontally  is  sometimes  required  if  the 
effect  of  a  tenotomy  has  been  too  great.  The  eye  should  after- 
wards be  bathed  occasionally  with  corrosive  sublimate  lotion, 
but  no  bandage  is  required. 

Tliis  method  of  performing  tenotomy,  which  is  that  formerly 
practised  hy  von  Graefe,  only  very  slightly  modified,  is  the  best,  as 
the  effect  produced  is  not  only  greatest,  hut  admits  to  some  extent  ot 
being  regulated  by  sutures.  Though  not  perhaps  quite  so  easy  as  the 
subconjunctival  method,  the  advantage  over  that  operation  is  that  the 
operator  is  able  to  see  exactly  what  he  does.  The  introduction  of  a 
suture  also  renders  sinking  of  the  caruncle  less  likely  to  occur. 

Sichconjunctival  Tenotomy.— The  operator  stands  in  front  of 
and  to  the  right  side  of  the  patient.  The  same  instruments  are 
used,  with  the  exception  of  the  scissors,  which  in  this  operation 
are  straight.  A  snip  is  made  with  them  in  the  conjunctiva  at  a 
point  slightly  below  the  level  of  the  lower  border  of  the  inser- 
tion of  the  muscle.  The  deeper  subconjunctival  tissues  are  then 
seized  with  the  forceps  and  the  opening  extended  into  them. 
When  this  has  been  done  the  strabismus  hook  is  slipped  in  and 
slightly  swept  round  so  as  to  catch  under  the  muscle.  It  is  then 
transferred  to  the  other  hand  and  held  up  while  the  scissors  held 
in  the  right  hand  are  passed  in  through  the  external  opening, 
with  one  blade  in  front  of  and  the  other  behind  the  insertion  of 
the  muscle  which  the  hook  thus  puts  on  the  stretch.  The 
insertion  is  then  cut  across  with  one  or  two  snips  of  the 
scissors.  If  this  has  been  completely  done  the  hook  can  then 
be  passed  forwards  until  it  catches  on  the  tissues  immediately 
surrounding  the  cornea.    ISTo  stitch  is  required. 

Snellen's  method  of  performing  tenotomy  is  as  follows :— A, 
horizontal  incision  is  made  in  the  conjunctiva  over  the  middle 
of  the  tendon  of  insertion  of  the  muscle.  A  portion  of  the 
tendon  is  then  seized  with  the  forceps  and  a  snip  made  into  it 
with  a  pair  of  scissors,  which  for  this  purpose  may  be  either 
straight  or  curved.  A  small  strabismus  hook  is  then  passed  in 
under  the  upper  portion  of  the  tendon  through  this  hole,  and 
this  portion  divided  with  the  scissors,  one  blade  of  which  is 
passed  behind  and  the  other  in  front  of  the  hook.  The  lower 
half  of  the  tendon  is  then  divided  in  the  same  way  close  to  its 
insertion. 
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Snellen  claims  for  this  method  of  operating  that  the  direct  inser- 
tion is  separated  without  any  interference  with  the  indirect  insertions, 
or  with  the  capsule  of  Tenon,  so  that  the  retraction  takes  place  equally. 

Operations  for  Advancement  of  a  Rectus  Muscle. 

A  number  of  methods  are  also  in  use  for  the  advancement 
of  the  internal  or  external  rectus.  Of  these  three  may  be 
referred  to. 

1.  A  vertical  incision  is  made  in  the  conjunctiva  over  the 
muscle  to  be  advanced,  and  of  a  length  equal  to  the  full  breadth 
of  the  muscle.  A  thread  is  then  passed  round  the  muscle  close 
to  its  insertion  by  catching  it  up  with  a  strabismus  hook  having 
an  eye  at  the  end  through  which  the  thread  is  threaded.  After 
this  thread  has  been  firmly  knotted  round  the  tendon  the  ends 
are  left  long  and  the  insertion  of  the  muscle  divided  close  to 
the  sclera.  Keeping  hold  of  the  thread  in  one  hand,  the 
operator  proceeds  to  free  the  muscle  from  its  attachments  all 
round,  above,  below,  and  to  either  side  for  some  distance  back. 
He  then  introduces  a  double  thread  through  the  muscle  from  its 
under  surface.  The  thread  used  for  this  purpose  should  be  of 
pretty  stout  waxed  silk,  with  a  needle  at  the  middle  and  one  at 
either  end.  The  middle  needle  is  passed  through  the  muscle. 
Having  seen  that  this  has  been  properly  done,  and  that  the 
freed  and  retracted  muscle  can  be  readily  drawn  forwards  by  the 
double  thread,  the  first  thread  round  the  tendon,  by  which  it 
was  held,  is  cut  away,  together  with  a  portion  of  the  end  of  the 
muscle.  One  of  the  needles  at  the  end  of  the  double  thread  is 
then  passed  underneath  the  conjunctiva,  and  brought  out  at  a 
point  close  to  the  vertical  meridian  through  the  cornea,  while 
the  other  is  passed  in  the  same  way  beneath  the  conjunctiva 
below,  and  brought  out  at  a  point  opposite  the  first.  The 
middle  needle  may  then  be  cut  off,  leaving  two  threads  instead 
of  one.  The  ends  of  the  two  threads  are  then  tightly  knotted, 
and  thus  a  traction  on  the  muscle  exerted  which  draws  it 
forwards,  the  one  thread  drawing  it  upwards  and  forwards,  and 
the  other  downwards  and  forwards,  so  that  the  resultant,  if  they 
are  properly  applied,  is  to  advance  the  muscle  in  the  meridian  of 
its  action.  Finally,  a  stitch  is  put  in  to  keep  the  edges  of  the 
conjunctival  wound  in  contact. 
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This  operation  is  essentially  von  Graefe's  modification  of  Critchott's 
method  of  performing  advancement.  It  is  well  to  remove  a  portion 
of  conjunctiva  before  knotting  the  threads.  Instead,  too,  of  the  single 
thread,  two  may  be  used,  each  one  penetrating  a  different  portion  of 
the  muscle.  The  amount  of  effect  which  can  be  got  by  it  depends  on 
the  position  at  which  the  muscle  is  perforated  by  the  thread,  and 
partly  as  well  on  the  tightness  with  which  the  threads  are  drawn  and 
on  the  size  of  the  piece  of  tendon  removed. 

2.  Schtoeigger's  method. — In  this  operation  catgut  stitches  are 
used  instead  of  silk.  After  a  vertical  incision  has  been  made 
in  the  conjunctiva  over  the  muscle,  the  muscle  is  freed  above 
and  to  either  side,  and  a  catgut  suture  passed  round  it  at  some 
distance  from  its  insertion  and  firmly  knotted  on  it,  the  ends 
of  the  suture  being  left  long.  Another  catgut  suture  is  passed 
through  the  muscle  behind  the  first.  The  insertion  is  next 
divided  and  a  portion  of  the  end  of  the  tendon  cut  off.  The 
free  ends  of  the  catgut  sutures  are  then  introduced  under  the 
conjunctiva,  the  ends  of  the  first  being  entered  close  together 
and  in  a  line  with  the  muscle,  and  the  other  two  ends  above  and 


Fig.  196. — Prince's  advancement  forceps. 

below  respectively.  The  two  uppermost  are  then  knotted 
together,  and  also  the  two  lowermost.  The  first  suture  is  placed 
round  the  muscle  to  prevent  the  second  cutting  its  way  through 
it.  To  obtain  the  greatest  effect,  the  sutures  must  be  placed 
as  far  back  as  possible. 

3.  An  operation  differing  considerably  from  these  just 
described  was  introduced  a  few  years  ago  by  Prince.  To  this 
he  gave  the  name  of  pulley  operation,  owing  to  the  manner  to 
which  the  advancement  is  effected.  The  method  in  which  he 
performs  the  operation  is  thus  described  by  him :— "  The  eye 
being  fixed,  the  anchor  or  pulley  suture  a  is  introduced  slightly 
into  the  dense  tissue,  one  millimetre  from  the  corneal  margin. 
The  conjunctiva  and  capsule  of  Tenon  having  been  divided,  one 
branch  of  the  advancement  forceps  (Fig.  196)  is  introduced  under- 
neath the  tendon  of  the  rectus,  and  the  other  closed  upon  it. 
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securing  the  edge  of  the  retracted  conjunctiva,  after  which  the 
tendon  is  separated  from  the  sclera.  Each  end  of  a  thread  being 
armed  with  a  needle,  both  are  passed  from  underneath  the 
elevated  rectus  through  the  capsule,  muscle,  and  conjunctiva, 
enclosing  the  middle  portion  of  the  rectus  in  a  loop,  from  which 
it  cannot  escape.  The  tissues  in  the  grasp  of  the  forceps  are 
now  divided  two  millimetres  anterior  to  the  loop  suture,  the 
location  of  which  will  depend  on  the  amount  of  advancement 
required  in  each  individual  case.  One  end  of  suture  &  is  curved 
over  suture  a,  both  ends  of  which  are  now  brought  together  and 
securely  tied,  enclosing  the  former  in  a  loop  or  pulley.  Both 


Tig.  197.— (After  Prince.) 

ends  of  h  are  now  brought  together  in  the  form  of  a  surgical 
knot,  and  it  becomes  apparent  that  in  proportion  as  they  are 
tightened  over  the  pulley  formed  by  a,  will  tlie  cut  end  of  the 
rectus  be  advanced,  simultaneously  closing  the  conjunctival  gap. 
To  obtain  the  most  perfect  correction,  a  bow-knot  is  applied  and 
time  allowed  for  recovering  from  the  effect  of  traction,  which 
should  as  much  as  possible  be  avoided  during  the  operation. 
Afterwards  this  knot  may  be  secured,  or  the  effect  increased  or 
diminished  as  conditions  may  indicate." 

I  have  found  this  a  very  simple  and  efficient  operation.  The 
manner  in  winch  I  have  performed  it,  though  the  same  in  principle, 
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differs  slightly  in  details.  The  following  are  the  points  of  difference. 
The  pulley  siiture  is  introduced  by  running  it  out  and  in  two  or  three 
times,  over  a  larger  extent  of  the  circumcorneal  connective  tissue,  which 
gives  it  a  better  hold,  as  it  has  to  bear  a  considerable  strain  and  should 
not  readily  cut  its  way  through  the  tissues.  The  other  suture  is 
passed  single  instead  of  double,  and  through  the  muscle  rather  further 
back  than  through  the  conjunctiva.  The  muscle  has  therefore  to  be 
freed  first  to  some  extent.  The  portion  of  tendon  grasped  by  the 
advancement  hook  is  cut  off.  The  bow-knot  is  discarded  altogether,  as 
not  having  any  particular  value,  but  the  operation  is  done  without  an 
antesthetic,  and  the  thread  pulled  sufficiently  tight  to  produce  at  the 
time  a  slight  exaggeration  of  the  effect  required. 

Evisceration  of  the  Globe. 

The  instruments  required  for  this  operation  are  a  speculum 
and  fixation  forceps,  a  Graefe's  knife,  a  pair  of  scissors,  and  a 
blunt  Volkmann's  spoon.  The  conjunctiva  is  first  undermined 
for  a  short  distance  all  round  the  cornea.  The  anterior  chamber 
is  then  transfixed  on  a  level  with  the  horizontal  meridian  of  the 
cornea,  and  a  section  made  which  completely  separates  the 
lower  portion  of  the  cornea  from  the  sclera  along  the  junction 
between  them.  The  flap  of  cornea  thus  formed  is  then  seized 
with  the  forceps,  and  the  rest  of  the  cornea  separated  with  the 
scissors.  With  the  Yolkmann's  spoon  the  whole  contents  of 
the  globe  can  now  be  evacuated.  This  must  be  done  thoroughly, 
so  that  nothing  is  left  but  the  sclera.  When  the  bleeding  which 
this  causes  has  been  stopped  by  means  of  pledgets  of  cotton 
wool  introduced  into  the  cavity,  the  edges  of  the  conjunctiva 
are  brought  together  with  sutures.  The  sclera  should  not  be 
stitched. 

This  operation  is  always  followed  by  considerable  cedematous  infil- 
tration of  the  tissues,  and  pain,  which  lasts  at  least  twenty-four,  often 
forty-eight  or  more  hours.  I  have  not  found  that  the  introduction  of 
horse-hair  or  catgut  as  a  drain  has  modified  the  severity  of  the  infil- 
tration, although  it  has  been  recommended  for  this  purpose.  The 
stump  left  after  this  operation,  though  admitting  of  a  better  movement 
in  an  artificial  eye,  when  it  can  be  fitted  in  to  the  orbit,  than  results 
from  enucleation  of  the  eye  altogether,  is  yet  not  so  markedly  better 
in  this  respect  as  might  be  supposed  from  the  appearance  shortly  after 
operation.  A  very  great  degree  of  shrinking  takes  place  in  the  course 
of  time,  so  that  the  pad  on  which  the  muscles  act  is  greatly  reduced 
in  size.  To  obviate  this  defect,  a  modification  of  the  operation  was 
recommended  by  Mules,  which  consists  in  introducing  a  glass  ball 
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into  the  scleral  cavity  and  uniting  the  conjunctiva  over  this.  I 
have  no  personal  experience  of  Mules'  operation,  but  understand  that 
it  has  been  fairly  successful  in  his  hands.  In  a  great  many  cases  the 
glass  ball  seems  to  be  expelled  sooner  or  later  by  iilceration  of  the 
over-lying  tissues,  but  the  eventual  result  in  such  cases  does  not  appear 
to  be  worse  than  if  the  attempt  had  not  been  made,  although  the 
patient  is  necessarily  subjected  to  a  somewhat  prolonged  treatment. 
When  the  operation  succeeds,  the  effect,  so  far  as  the  movements  of 
the  artificial  eye,  which  rests  on  this  artificial  stump,  go,  could  hardly 
be  more  beautiful. 

Enucleation  of  the  Eyeball. 

The  instruments  required  for  enucleation  are  a  speculum, 
fixation  forceps,  strabismus  hook,  and  a  pair  of  strong  scissors 
curved  on  the  flat.  Antesthetics  should  be  used  except  when 
there  is  good  reason  for  avoiding  them,  when  the  pain  may  be 
to  a  great  extent  mitigated  by  the  free  use  of  cocaine  during  the 
operation.  The  conjunctiva  immediately  surrounding  the  cornea 
is  first  incised.  This  is  best  done  by  catching  hold  of  a  portion 
of  the  upper  part  with  the  forceps,  snipping  through  it  with  the 
scissors,  and  then  passing  one  blade  behind,  allowing  it  to  glide 
beneath  the  conjunctiva  to  one  side  of  the  cornea,  while  the  other 
blade  remains  external  to  the  conjunctiva.  In  this  way  one  or 
two  cuts  with  the  scissors  will  suffice  to  complete  the  division  of 
one-half  of  the  conjunctiva  surrounding  the  cornea,  while  the 
other  half  may  be  divided  by  using  the  blades  in  the  same  way 
along  the  other  side  after  having  begun  again  at  the  point  above, 
where  the  first  perforation  was  made.  This  ha^dng  been  done, 
the  capsule  of  Tenon  is  opened  by  a  more  free  use  of  the  scissors 
at  the  lower  portion,  just  over  the  inferior  rectus.  The  strabis- 
mus hook  is  then  passed  under  the  inferior  rectus,  which  is 
divided  close  to  its  insertion.  The  hook  may  now  be  swept  in 
succession  round  each  of  the  recti  muscles,  and  their  insertion 
severed  from  the  globe  in  the  same  way.  After  dividing  the 
insertion  of  the  superior  rectus,  the  hook  should  be  passed 
deeper  so  as  to'  hook  up  the  superior  oblique,  which  must  also 
be  divided  in  the  same  way.  The  branches  of  the  speculum  are 
then  separated  as  much  as  possible,  and  the  eye  deprived  of  its 
muscular  'attachments  allowed  to  protrude.  The  scissors  must 
next  be  passed  in  between  the  capsule  and  the  globe  to  the  back 
of  the  eye,  the  blades  being  kept  closed  until  the  points  are  felt 
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to  touch  the  optic  nerve.  They  are  then  opened  and  pushed  a 
little  further,  so  as  to  cause  the  blades  to  pass  one  on  either  side 
of  the  nerve,  which  is  cut  across  with  a  firm  snip.  The  eye  can 
now  be  drawn  forwards,  as  it  is  only  held  by  a  few  bands  of 
connective  tissue,  which  have  to  be  snipped  across  to  complete 
its  removal.  The  bleeding  is  readily  stopped  with  pledgets  of 
cotton  wool.  The  proper  arresting  of  the  bleeding,  as  well  as 
careful  antiseptic  treatment  throughout,  should  be  attended  to, 
as  these  points  are  of  importance  in  ensuring  the  speedy  healing 
of  the  wound  left  in  the  orbit.  •  A  tight  bandage  should  be 
applied  and  kept  on  for  four  or  five  hours,  so  as  to  prevent  any 
infiltration  of  the  tissues  with  blood.  Afterwards  nothing  is 
required  but  attention  to  the  cleanliness  of  the  wound  by 
frequent  syringing  or  bathing  with  corrosive  sublimate  solution. 
It  is  a  good  plan,  too,  to  smear  a  little  lard  along  the  edges 
of  the  lids  at  night,  so  as  to  prevent  any  retention  of  the 
secretions. 

An  artificial  eye  should  not  be  worn  for  at  least  two  months. 
The  eye  when  worn  should  be  removed  every  night,  and  kept  in 
water  containing  a  little  antiseptic. .  Wlien  it  becomes  corroded 
it  should  be  repoHshed,  and  at  any  time  any  irritation  which  it 
may  produce  should  be  taken  by  the  patient  as  a  warning  that 
its  use  should  be  left  off  for  some  time.  There  is  a  great 
tendency  amongst  the  wearers  of  artificial  eyes  to  have  them  too 
big.  They  do  not  in  looking  at  themselves  in  the  glass  appreciate 
the  staring  appearance  of  such  an  eye.  It  is  better  to  have  one 
of  such  a  size  that  the  lid  droops  slightly  over  it  as  compared 
with  the  other  eye.  Such  an  eye  is  not  only  less  likely  to  set  up 
irritation,  but  is  also  much  more  deceptive. 

Operations  are  sometunes  required  to  render  the  socket 
better  fitted  to  lodge  an  artificial  eye.  I^o  definite  rules  can 
be  laid  down  for  such  operations.  The  surgeon  must  be  guided 
by  the  conditions  presented  by  each  individual  case.  Some- 
times, owing  to  the  tendency  to  drooping  of  the  lower  lid,  it 
is  necessary  to  raise  it  by  uniting  ■  the  upper  and  lower  lids  at 
the  outer  canthus. 
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Graefe's  Knife   683 

„       Modification  of  Critchett's 
Advancement     of  a 

Rectus  Muscle,    .       .  701 
,,      Modified  Linear  Operation 

for  Cataract,       .       .  683 

„      Operation  for  Conical  Cornea,  672 

„  Operation  for  Trichiasis,  .  648 
„     Photometer,     .       .       .10,  159 

„      Sign,         ....  428 

„      Tenotomy,        .       .       .  697 

Grafting  of  Mucous  Membrane,    .  665 
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Granular  Conjunctivitis, 
Granuloma  of  the  Iris,  . 
Gratiolet's  Fibres, 
Graves'  Disease,    .       .  . 

„  Contraction 
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of 

Miiller's  Fibres 
in, 

Enlargement  of  the 

Thyroid  in, 
Hsemic  Murmur  in, 
Neuro-Paralytic 

Keratitis  in,  . 
Pathology  of. 
Rapidity  of  the 

Heart's  Action  in 
Relationship  to 

Hysteria, 
Retraction  of  the 
Upper  Lid  in, 
Tarsoraphia  in, 


Gummata  of  Iris, 
Gummatous  Iritis, 

Hemorrhage  between  Retina  and 
Vitreous, 
„  into  the  Vitreous, 

Haemorrhages  in  the  Choroid, 

„  into  the  Vitreous  of 

Adolescence 
„  Retinal,  . 

Hsemorrhagic  Detachment  of  the 
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„  Glaucoma, 
„  Retinitis,  . 

Hair  Follicles,  Electrolysis  of  the. 
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Hemianopia,  .       .       .  ■ 
„  Homonymous,  . 

„  Nasal, 
„  Temporal, 
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„  Retina, 
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Hypermetropia,     .       .       •       479,  533 
Absolute,      .       .  534 
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Measurement  of,  .  505 
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Hypheema,  
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„  „     Saemisch's  Section 

of  Cornea  for,  673 
Hysteria,  Relationship  of,  to  Graves' 
Disease,  '^^^ 


233 
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276 


Idiopathic  Night  Blindness, 
Illusions, 

Images,  True  and  False, 
Incidence.  Angle  of,_ 
Index  Hypermetropia,  . 

„     Myopia,    _  . 

.,     of  Refraction, 
Inflammation  of  the  Orbit, 
Influence  of  Position  of  Crystalline 

Lens  on  Refraction  of  the  Eye, 
Innervation  Equilibrium, 
„        Theory  of,  . 
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Instruments,  Rules  for,   in  Eye 

Operations, 
Interpupillary  Distance, 
Interstitial  Keratitis,  . 
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„  Tumours, 
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Intrauterine  Iritis 
Iridectomy, 
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Irideremia, 
Iridesis, 

Irido-choroiditis, 
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Irido-cyclitis,  ....  275 
„  -dialysis,  .  .  .  178,  268 
„   donesis, ....       157,  269 

„   plegia,   359 

Iridotomy,   695 

,,        Scissors,       .       .       .  695 

Iris,   242 

„    Angiomata  of,       .       .       .  267 

„    Atrophy  of,    .       .       .       .  269 

„    Blood  Supply,        ...  242 

„    Bombd   249 

,,    Coloboma  of,  .       .       .       .  269 

,.    Congenital  Anomalies  of,       .  269 

„    Cysts  of   265 

„    Embolism  of  the  Vessels  of,  .  263 

„    Encleisis  of  the,     .       .       .  380 

„    Epidermoid  Cysts  of,     .       .  265 

„  Excision  of  Triangular  piece  of,  696 
.,    Foreign  Bodies  in,  .       .        149,  324 

ij               „              Diagnosis  of,  325 
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„    Hypereemia  of,       .       .       .  243 

„    Injuries  to  the,      .       .       .  267 

„    Lacerations  of,       .       .       .  267 

„    Lipomata  of   267 

„    Melanomata  of,      .       .       .  267 

„    of  the  New-born  Infant,        .  272 

.,    Paresis  of  Ciliary  Nerves  to,  .  359 

„    Prolapse  of,    .       .       .       .  149 

).          „          Operation  for,     .  681 

„  Retroversion  of,  .  .  ,  269 
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Muscle  of,  .       .       .       .  268 
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„    Wound  of  the,       .       .       .  267 
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„     After  Cataract  Operations,  .  691 

„     Brown  Paper  Shade  in,       .  251 

„  following  Fevers,  .  .  263 
„     following     Operation  for 

Cataract,        .       .       .  166 

„     Forms  of   243 

„     Gonorrhosal,       .       .        248,  254 

„     Gummatous,       .       .       .  256 

„     Hyperaemia  of  Iris  in,         .  243 

„     Iridectomy  for,    .       .       .  252 

„     Lymphomatous,  .       .       .  262 

.,     Metastatic,  ....  263 

,     Purulent,    ....  260 

,     Recurrentj  ....  249 

,,     Rheumatic, ....  253 

,.     Scrofulous,  .       .       .       .  263 

„     Secondary,  ....  243 

„     Serous,       .       .       .  257 


'I         >i     Detachment  of  Retina 

in,        .       .       .  259 
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Ischsemia  of  the  Retina,       .        184,  188 

Jaesche's  Operation,     .       .       ,  649 

Jaesche-Arlt  Operation  for  Trichiasis,  649 

Jaundice,      .       .       .       .       .  i85 

Javal's  Ophthalmometer,  .  .  549 
Jequirity,  ....  101,  128 
Jones'  ("Wharton)  Plastic  Operation 

for  Ectropion,    ....  656 

Keratitis,   ng 

.,       Dendriform,  .       .       .  132 

,,       Diffuse  Interstitial,       .  136 

,,       Fascicular,    .       .       .  125 

Hypopyon,           .       .  129 

„       Interstitial,    .       .       .  136 

„  Neuro-Paralytic,  .  .  140 
11                  „            in  Graves' 

Disease,  429 

„       Parenchymatous,  .       .  136 

,,       Phlyctenular,        .       .  123 

„       Primary,       .        .        .  116 

„       Punctata,      .       .       .  258 

„       Recurrent  Bullous,       .  134 

„       Sclerotising,  .       .        133,  291 

„       Secondary,    .       .        116,  136 

,,       Tubercular,  .       .       .  136 

„       Vascularised  Interstitial,  136 

„       Vesicular,     .       .       ,  134 
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Keratoscope,         ....  121 
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Kid  Leather  Drum,      .       .       .  642 

Koroscopy,   463 

Kuhnt's  Canthoplastic  Operation,  '  654 

Lacerations  of  the  Iris,         .       .  267 

Lachrymal  Apparatus,  Diseases  of,  48 

,,         Diseases,  Fi-equency  of,  78 
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„           „    Abscess  of,        .  67 

„            „     Adenoma  of,     .  68 

,,            „     Affections  of,     .  67 

„            „     Excision  of,       .  666 
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Lachrymal  Gland,  Fistula  of,  Bowman's  - 
Operation  for, 
„  „     Hypertrophy  of, 

Laryngeal  Gland,  Inflammation  of, 
„  „     Malignant  Tumours 

of,  . 

,,         Sac,  Extirpation  of  the, 
„  „  Inflammation  of, 

Lamina  Cribrosa,  . 
Lamp,  Priestley  Smith's, 
Latent  Hypermetropia, 
Lead  Poisoning  in  Amblyopi 
Lens,  Action  of  a, . 

„     Artificial  Ripening  of, 
„     Axis  of  the, 
„    Biconcave,  . 
„     Biconvex,  . 
„     Bone  in  the  Crystalline, 
„     Calcareous  Crystalline, 
„     Capsule,  Removal  of,  . 

„  (Wounds  of  Crystalline), 
„     Coloboma  of  Crystalline, 
,,  Crystalline, 
,,     Dislocation  of, 
„     Extraction  of,  in  its  Capsule 
„     Extracted  with  the  "Veotis, 
„     Focus  of  a  Glass, 

Foreign  Bodies  in  Crystalline 
„     Growth  of,  . 
„    Nucleus  of  Crystalline, 
„     Ossification  of, 
„     Parasites  in  Crystalline, 
„     Piano-Concave,  . 

„     Convex,  . 
„     Subluxation  of,  . 
„     Suspensory  Ligament  of, 
Lenses,  Cylindrical, 
„  Decentered, 
„       Dioptre,  . 
„       Focus  of,  . 
„  Minus, 
„       Negative, . 
„       Numbering  of,  . 
„       Raehlmann's  Hyperbolic, 
„       Spherical,  . 
Lenti  conns,  .       .       •  • 
Leucoma,      .       .       ■  • 

,,  Adherens, 
Leuco-Sarcoma, 
Leukaemia,    .       .       •  • 
Levator  Palpebrffi  Superioris, 
Light,    .       ■       •       •  ,  • 
„     and  Colour,  Sensations  of, 
„     for  Operating, 
„  Perception, 
„     Rays  of,  . 
„     Retinal  Changes  produced 

by  strong, 
„     Sense,        .       •  -7, 
„         „    in  Optic  Atrophy, 
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Light  Sense  in  Retinitis  Pigmentosa,  205 

,j         ,,   in  Syphilitic  Choroiditis,  289 

„     Subjective  Sensations  of,     .  289 

Lightning,  Blindness  from,  .       .  439 

Linear  Extraction  of  Soft  Cataract,  682 

Lipomata  of  the  Iris,     .       .       .  267 

Lymphadenomata  in  Orbit,  .       .  416 

Lymphomatous  Iritis,    .       .       .  262 


Macro-Cornea, 
Macrophthalmos,  . 
Macropsia, 
Macula, 

„       Changes  in, 
Maddox's  Glass  Rod,  . 

„  Tangent  Scale, 
Malignant  Glaucoma, 
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148 
24,  283 
35 
225 
595 
595 
381 


,,        Tumours  of  the  Orbit,  .  416 

Manifest  Hypermetropia,      .       .  505 

Marienbad,   293 

Masson's  Disc,      .       .       ■       •  8 

Mechanism  of  Accommodation,     .  491 

Meibomian  Glands,       ...  49 
„       Chalky  Infarcts  in,  55 

Melanomata  of  the  Iris,        .       .  267 
Membrane  of  Descemet,   _    .       .  258 
Meningitis  after  Enucleation,       .  299 
„        Choroiditis  following,  .  300 
TvJ]giiiscus      •       •       •       "       •  4S2 
Metamorphopsia,  23, 190,  282,  286,  290,  297 
Metastatic  Iritis,  ....  263 
„        Purulent  Choroiditis,  .  300 
Metre-Angle,        ....  560 
Notation,  Nagel's,   .  498 
Micro- Cornea,       .       .       •       •  1^8 
Microphthalmos,   .       .         148,  305, 415 
Micropsia,     .       .  .   24, 283, 290 

„        Accommodative,  .       .  24,  284 

Microscope,  225 

Miliary  Tubercle  of  the  Choroid,  311,  312 

Milium,  54 

Millingen's    (V.)    Operation  for 

Entropion,  ....  652 
Molluscum  Contagiosum,  .  .  51 
Monochromatic  Aberration,  .  .  465 
Monocular  Diplopia,     .       .       .  181 

Mucocele,  

Mucous  Membrane,  Graftmg  of,   .  665 
Mules'  Artificial  Vitreous,    .       .  703 
Operation,  .        .       .       •  /04 

Miiller's  Muscle  49 

Musc£e  Volitantes,  .  .25,  435,452 
Muscles,  Equilibrium  of  Innervation 

of  the,  594 

Muscular  Asthenopia,  .  .  538, 615 
Myopes,    Apparent  Convergent 

Squint  in,  537 

Myopia,       ....  479,536 

,,      Axial  479 

Curvature,       .       .       .  479 
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^Myopia,  Divergent  Squint  in, 
„      Etiology  of, 
„  Index, 

„      Malignant  Form  of,  . 

„      Measurement  of, 

,,      Paracentesis  of  the  Cornea 

,,      Pathology  of,  . 

,,  Progressive, 

,,      Pupils  in, . 

,,      Sclerotomy  in,  . 

„      Statistics  of, 

,,      Tenotomy  of  the  External 
Recti  in, 

„      Treatment  of,  . 
Myopic  Orescent,  . 
Myosis,  Congestive, 

Nsevi  in  the  Orbit, 
„    of  the  Lids,  . 
Nagel's  Metre-Angle  Notation, 

„      Notation  of  Convergence, 
Naphthaline  Cataract,  . 
Narrow  Knife  Operation, 
Nasal  Duct,  . 
,,  Hemianopia, 
Polypi, 
Nauheim, 
Near  Point,  . 
Needling  for  Cataract,  . 
Nervous  Asthenopia, 
Neuritis,  Optic, 

,,  Retrobulbar,  . 
Neuroma  of  the  Lids,  . 
Neuro-Paralytic  Keratitis, 

„  -Retinitis 
Nictitatio, 
Night-Blindness,  . 

„  Idiopathic, 
„  of  Retinitis  Pig- 

mentosa, 

Nodal  Points, 
Nuel's  Operation  for  Ruptures  at  the 

Corneo-Scleral  Junction, 
Nystagmus,  . 

„  Miners', 


Objective  Strabismometry, 
Oblique  Illumination,  . 
Ocular  Muscles,  Paralysis  of, 
„       Spasms  of,  . 
Paralysis,  Advancement  of 
Muscles  in, 
,,       Lesions  giving  rise 
,,       Syphilitic,  . 
„       Tenotomy  of  the 

Muscles  in, 
),       Treatment  of, 
Oculomotor  Muscles,  Affections  of  the, 

„        Paralyses,  Rheumatic, 
CEdema  of  the  Lids, 
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CEdema,  Subconjunctival,     .       .  105 

Onyx,   129 

Opacities  in  Vitreous,   .       .       .30,  316 

Opacity  due  to  Cocaine,        .       .  693 

Opaque  Nerve  Fibres  in  the  Retina,  223 

Operations,   64i 

„         Antiseptics  in  Eye,     .  643 

,,  Canthoplastic,  .  .  652 
„         Electrolysis  of  the  Hair 

Follicles,.       .       .  646 
„         Epilation,    .       .       .  646 
.,         Enucleation  of  the  Eye- 
ball,       .       .       .  704 
„         Evisceration  of  the  Globe,  703 
„         General  Remarks,       .  641 
„         Grafting    of  Mucous 
Membrane  for  Sym- 
blepharon,       .       .  665 
„         Iridectomy,        .       .  674 
II              II          for  Glaucoma,  678 
„          Iridotomy,  .       .       .  695 
„         Lachrymal  Gland,  Ex- 
cision of,  666 
II                 II  Bow- 
man's, for  Fistula  of,  666 
,,         Lachrymal  Sac,  Extirpa- 
tion of  the,      .       .  668 
,,         Nuel's  Operation  for 
Ruptures  at  the  Cor- 
neo-Scleral Junction,  673 
„         on  the  Conjunctiva,    .  668 
„          on  the  Cornea,    .       .  669 
„          on  the  Eyelids,   .       .  645 
„         Peritomy,    .       .       .  668 
„          Pulley  operation,        .  701 
„         Repositio  Ciliorum,    .  645 
„         Saemisch's  Section  of 
the      Cornea  for 
Hypopyon  Ulcer,    .  673 
„          Schweigger's,  for  ad- 
vancement of  Rectus 
Muscle,  ...  701 
„         Sclerotomy,        .       .  679 
„          Slitting  the  Canaliculi,  666 
„         Subconjunctival  Tenotomy,  699 
„         Syndectomy,       .       .  668 
„         Tattooing  of  the  Cornea,  670 
„         Teale's  Transplantation,  665 
„         Tenotomy,  .       .       .  697 
„         Transplantation,         .  657 
,,         Transplanting  Clear 

Cornea,   .       .       .  671 
„          for  Advancement  of  a 

Rectus  Muscle,    .  700 

„             After  Cataract,      .  694 

,1             Cataract,       .       .  681 

II             Cicatricial  Ectropion,  656 

1.                    ,,        Entropion,  647 
1,             Conical  Cornea,  Cautery 

for,      ,       .       .  672 
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Operations  for  Conical  Cornea,  Cautery 

„  for,Bacler's,672 
,.        ,,   Bowman's,  672 
„         ,,    Graefe's,  672 
Conjunctival  Ectropion,  654 


Corneal  Staphyloma,  669 

Entropion,     .       .  646 

Prolapsed  Iris,       .  681 

Pterygium,     .       .  668 

Ptosis,    .       .       .  659 


„  Spasmodic  Entropion 

(Gaillard's)  Thread,  646 
„             Strabismus,    .       .  697 
„             Symblepharon,       .  664 
„             Trichiasis,      .       .  647 
Ophthalmia  Neonatorum,      .       .  90 
Tarsi,.       ...  49 
Ophthalmological  Society  on  Sym- 
pathetic Ophthalmitis,       .       .  344 
Ophthalmometer,  Javal's,      .       .  549 
Ophthalmoplegia  Externa,     .       .  604 
Ophthalmoscope,  Forms  of  the,     .  33 
„  Giraud-Teulon's 

Binocular,       .  585 
,,             Illumination  of 

Fundus  %vith,  .  29,  573 

Theory  of,  .       .  573 
Ophthalmoscopic  Examination  of 

Eye,      .       .  30 
„             Image,  Magnifica- 
tion of  the,  by 
Direct  Method,  583 
by  Indirect  Method,  578 
„             Parallax,  .       .  585 
„                   „      in  Glau- 
coma, 363 

Optic  Atrophy,  Field  of  Vision  in,  237 

„           Light  Sense  in,     .  237 

„           Prognosis  in,         .  238 

Optic  Disc   40 

„  Nerve,  Atrophy  of,  .  .  236 
.,       „            „       due  to  Spinal 

Disease,  .  239 
„       „             „  Nettleship's 

Statistics  of,  240 

„       „            „       Primary,     .  236 

„  „  „  Secondary,  .  236 
„       „       Degenerative  Changes 

in,       .       .       .  239 

.,       ,,       Diseases  of  the,        .  226 

„       „       Division  of,      .       .  350 

„  „  Laceration  of,  .  .  439 
„       ,,       Restriction  of  the  Field 

in  Atrophy  of,      .  237 
„       „       Ophthalmoscopic  Ap- 
pearances of,        .  40 
„       „       Post-Neuritic  Atrophy 

of,        ...  237 

„       „       Tumours  of  the,      .  417 

„    Neuritis,      ....  226 
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Optic  Neuritis,  Early  Stage  of,      .  226 

„         „       Field  of  Vision  in,  227 

„         „       Hereditary,    .       .  233 

,,         „       of  Adolescence,      .  233 

Theories  of,    .       .  230 

Optical  Iridectomy,       .       .       .  674 

Optico-Ciliary  Neurotomy,    .       .  350 

Optometer,  Tweedy's,    .       .       .  552 

Orbicularis  Muscle,       ...  49 

Orbit,  The,   404 

„     Aneurism  of  the,        .       .  420 

„          „        Idiopathic,  .       .  421 

„          „        Statistics  of.        .  420 
„          „        Subjective  Symptoms 

of,    .       .       .  421 

„          „        Traumatic,  .       .  421 

„     Dermoid  Cyst  of,        .       .  415 

,,     Diseases  of  the,  .       .       .  404 

„  Exostoses  of,  .  .  .  413 
„     Fracture  of,        .       .        425,  439 

,,     Foreign  Bodies  in,      .       .  425 

„     Hydatid  Cysts  of,       .       .  415 

,,     Inflammation  of  the,   .       .  404 

,,     Injuries  to  the,    .       .       .  423 

,,     Lymphadenomata  in,  .       .  416 

„     Malignant  Tumours  of,       .  416 

„     Naevi  in   414 

„     Osteomata  of,      .       .       .  413 

„     Shrinking  of  the,        .       .  434 

„     Tumours  of,        ...  411 

„          „       Bony  wall,    .       .  411 

„          ,,       Classification  of,  .  412 

„          „       Connective  Tissue,  415 

,,           „       Frequency  of,       .  412 

,,  ,,  Vascular,  .  .  414 
,,          ,,       which  extend  from 

adjacent  parts,  .  418 
Orbital  Cellulitis,  .       .       .       404,  407 
„                   caused  by  Ery- 
sipelas, .       .  407 
„          „        Idiopathic,        .  408 
„     Diseases,  Statistics  of,       .  404 
„     Periostitis,        .       .       .  404 
Ossification  of  the  Choroid,  .       .  313 
„         of  the  Lens,        .       .  176 
Osteomata  of  the  Orbit,        .       .  413 

Pagenstecher's  Spoon,  .       .       .  692 

Pain,     ......  17 

Panas'  Operation  for  Ptosis,  .       .  662 
Pannus,         ....  100,126 

„       Crassus,  ....  126 

„       Strumous,       .       .       .  127 

„       Trachomatous,        .       .  127 

Panophthalmitis,  ....  297 

,,            Enucleation  in,  .  299 
Papilla,  Atrophic  Excavation  of,  .  236 
„      Excavation  of  the,  in  Glau- 
coma, ....  362 

I       „      Hypersemia  of, .       .       ,  226 
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Papillitis,      .       .       .       .       .  226 
,,        Encephalopathic,  .       .  228 

Papillomata,  52,  72 

Paracentesis  297 

„  of  Aqueous  Chamber,  297 

Parallactic  movement  of  Vessels,     33,  226 
Paralysis  of  Accommodation,        .  569 
„  associated  movements,  604 

„  both  Externi,     .       .  604 

„  Convergence,      .       .  603 

„  External  Rectus,        .  604 

„  Fourth  Nerve,    .       .  606 

.  „  Inferior  Oblique  Muscle,  608 

„      Pectus, .       .  607 
„  Internal  Rectus,        .  609 

„  Ocular  Muscles,  .       .  596 

Sixth  Nerve,      .       .  604 
„  Superior  Oblique  Muscle,  606 

„  „       Rectus,        .  607 

Third  Nerve,      .       .  609 
Parasitef!  in  the  Lens,   .       .       .  182 
Paresis,  Torsional  Eiiect  of,  .       .  .  600 
Perilenticular  Space,     .       .       .  154 
Perimeter,     .       .       .       .       .  12 
,,        Chart  Examination,     .  13 
„        for  Measuring  Strabismus,  619 
„        Self -Registering,  .       .  17 
Periodic  Sqmnt,    .       .       .        618,  631 
Periostitis  of  the  Orbit,         .       .  404 
Peritomy,      .       .       .       .        129,  668 
Perivasculitis,       ....  237 
Persistent  Hyaloid  Artery,    .       .  321 
,,        Pupillary  Membrane,    .  273 
Petit's  Canal,        ....  154 

Phlebitis,  185 

Phlyctenular  Conjunctivitis,  .       .  94 
Keratitis,.       .       .  ~  123 
Phosphenes.  .....  26 

Photometer,  Foerster's, ...  7 
Graefe's,   .       .  10,  159 . 

Photophobia  96,  97 

Photopsia,     .....  435 
„  in  Glaucoma,     .       .  371 

Phthisis  Bulbi  256 

,,       Corneae,   ....  119 
Physiological  Diplopia,  ...  20 
Pigmentation  of  the  Retina,  .       .  206 
Pilocarpine  Injections,  ...       .  222 
Pinguecula,    .        .        .        .        .  108 
Placido's  Disc,      .       .       .        145,  551 
„       Keratoscope,  .       .       .  121 
Piano-Concave  Lens,     .       .       .  481 
„     Convex  Lens,      .       .       .  481 
Points,  Cardinal,   .       .       .        514,  516 
Nodal,       ....  516 
,,       Principal,  .       .       .       .  516 

Polyopia,  22,158 

Polypi,  72 

Positive  Scotoma,  .  .  .  282,  286 
Posterior  Aqueous  Chamber,        .  154 
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Posterior  Aqueous  Chamber,  Foreign 

Bodies  in,  .       .       .  325 

„  Polar  Cortical  Cataract,  205 
„          „     Cataract  in  Serous 

Iritis,       .       .  259 

„       Synechia,      .       .       .  245 

Presbyopia,   503 

„          Glass  required  for  cor- 
rection of,      .       .  504 
Primary  Deviation,       .       .       .  601 
,,       Positions,        .       .       .  589 
Prince's  Advancement  Forceps,     .  017 
,,      Pulley  Operation,     .       .  701 
Principal  Focus,    .       .       .        475, 483 
,,       Planes,    ....  517 
,,       Point,     ....  517 
Prisms  causing  Abduction,    .       .  562 
,,         „       Adduction,    .       .  563 
„      Use  of,      ...       .  561 
Progressive  Myopia,      .       .        295,  540 
„         Scotomatous  Atrophy,  445 
Prolapsed  Iris,  Operation  for,       .  681 

Proptosis   404 

„  Aneurismal,  .  .  421 
Pseudo-GUoma,     .       .       .        300, 400 

Pterygium,    .       .       .       .       .  105 

„          Operation  for,  .       .  668 

,,          Spurious  Form  of,     .  107 

Ptosis,   60 

„       Congenital,       ...  60 

„       Hysterical,        ...  61 

,,       Isolated  Bilateral,     .       .  61 

Other  Forms,    ...  61 

,,  Operations  for,  .  .  .  659 
,,              ,,  Dransart's 

Thread,  659 

,,               „              Eversbusch's,  660 

„  „  Panas',  .  662 
„               „  Snellen's 

Thread,  661 
Pulsation,  Venous,        ...  40 
Puncta  Lachrymalia,     ...  48 
Punctiform  Cataract,    .       .       .  173 
Pupil,  Action  of  the,     ...  29 
„     Artificial,  Best  Positions  for,  674 
„     Contraction  of  the,  with  Ac- 
commodation, .       .       .  502 
„     Dilatation  of  the,        .       .  269 
„                ,,              in  Glau- 
coma, 359 
„     Exclusion  of,      .       .       .  247 
„     Occlusion  of,      .       .       .  247 
Pupils  in  Hypermetropes,     .       .  535 
„       Myopia,  .       .       .       .  537 
Purulent  Choroiditis,    .       .        297,  399 
„       Conjuuctiviti.s,      .       .  84 
Cyclitis,        ...  264 
„       Hyalitis,       .       .       .  315 
Iritis,    ....  260 
„       Retinitis,      .       .       .  194 
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Quinine  Blindness, 
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561 
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Raehlmann's  Hyperbolic  Lenses,  .  145 
Range  of  Accommodation,    .       .  490 

Real  Foci  483 

Rectus,  Advancement  of,      .       .  627 

Refraction,  472 

„         Angle  of,     .       .       .  474 
„         Direct  Method  of  Esti- 
mating the, 
„         Errors  of,  . 
„         Estimation  by  the  Oph- 
thalmoscope, 
„         Index  of,  . 
„         Influence  of  Position  of 
Crystalline  Lens  on, 
,,         Parallactic  diagnosis  of. 
Refractive  Index,  . 
Relative  Convergence,  Chart  of, 
Rent  in  detached  Retina, 
Repositio  Ciliorum, 
Retina,  Ansemia  of  the, 

,,       Arterial  Pulsation  of, 
„       Congenital  Pigmentation 

of  the,  .       .       .        207,  208 
„       Detachment  of  the,  .  213 

„  Diagnosis  of,  393 

„  Diseases  of  the,  .  .  183 
,,       Embolism  of  Central  Artery 

of  the,  .... 
,,       Encephaloid  of, 
„       Glioma  of,  ... 
Haemorrhage  between,  and 
Vitreous, 
„       Hsemorrhagio  detachment 
of  the,  .... 
„       Hyperaemia  of  the,  . 
„       Hypersesthesia  of  the, 
„       Ischaemia  of  the, 
„       Normal,  .... 
Opaque  Nerve  Fibres  in 
the,  .... 
„       Passive  Hyperaemia  of  the, 
„       Physiological  Colour  Blind- 
ness at  the  Periphery  of 

the  

„       Pigmentation  of  the, 
.,       Rent  in  Detached,  . 
„       Spontaneous  Arterial  Pulsa- 
tion in,  . 
Thrombosis  of  Central  Vein 
of,  .... 
„       Venous  Pulsation  in, 
Retinal  Arteries,  Ophthalmoscopic 

Appearances  of,  184,185 
,,  „      Pulsation  of  the,  in 

Glaucoma,       .  40,  365 
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Retinal  Asthenopia,      .       .       .  18 
,,       Changes  produced  by  Strong 

Light,  ....  225 
„       Connective  Tissue,  Sclerosis 

of   204 

,,       Haemorrhages,  .       .       .  188 

,,       Irritation,  Photopsia  due  to,  26 

„       Metaniorphopsia,      .       .  284 

„       Pigment  as  an  End-Organ,  464 

„       Vessels,  Aneurism  of,       .  37 

„  Vessels,  Reflection  along,  .  37 
Retinitis,      .       .       .       .  '     186,  193 

,,       Albuminm-ic,        .       .  196 

„               „          of  Pregnancy,  199 

„       Central  Recurrent,        .  194 

Diffuse,         .       .       .  198 

„       from  Albuminuria,        .  196 

„   Diabetes,      .       .  200 

,,          „   Oxaluria,      .       .  193 

,,          „    Syphilis,       .       .  193 

Haemorrhagic,      .       .  194 

,,  ■     in  Diabetes,  .       .       .  200 
Pigmentosa,  .       .        201,  290 
,,             ,,  Degenerative 

form  of,  .  290 
„             ,,          Light  Sense  in,  205 
,.             ,,          Limitation  of 
field  of 

Vision  in,  204 
„             „  Night-Blind- 

ness  of,  .  205 
,,             „  Ophthalmosco- 
pic Changes 
in,  .       .  202 
,,             „          Posterior  Polar 
Cortical  Cata- 
ract in,  .  205 
„             „           "  Twilight  Blind- 
ness "  of,  205 
„        Proliferans,   .        .        .  208 
.,       Punctata  Albescens,      .  208 
Purulent,      ...  194 
Syphilitic,     ...  287 
„       with  Circular  Spots,      .  200 
Retinoscopy,         ....  512 
Retrobulbar  Eat,  Swelling  of  the,  433 
„         Neuritis,    ...  233 
Rheumatic  Iritis,  ....  253 
Richet's  Operation  for  Cicatricial 

Ectropion,  ....  657 
Robertson's    (Argyll)  Operation 

for  Ectropion,    ....  656 

Rodent  Ulcers  of  Conjunctiva,      .  112 

„       ,,      of  the  Lids,    .       .  63 

Rupture  of  Choroid,      .       .       .  302 
,,       of  the  Sphincter  Muscle 

of  the  Iris.  ...  268 
Ruptures,  Sclero- Corneal,     .       150,  673 

Saemisch's  Section,       .       .       132,  673 
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Salmon- Coloured  Patch,       .       .  137 

Sanson's  Images,  ....  163 
Sarcoma  of  the  Choroid,        147,  389,  390 
,,                 „  Degenerative 

Changes  of,  394 
Stages  of,  393 
Statistics  of,  392 
,,      Choroidal,  Diagnosis  of,  .  393 
„     Cihary  Body,  .       .       389,  391 
„     Iris,       ....  266 
„     Lid,       ....  65 
,,      Uveal,  Prognosis  in,       .  395 
,,          ,,    Stages  of,    .       .  392 
Schlenun's  Canal,  ....  383 
Schweigger's  Method  of  Advance- 
ment of  a  Rectus  Muscle,  .       .  701 
Scintillating  Scotoma,  .       .       .  448 
Sclera,  Trephining  the,  in  Glaucoma,  382 
Scleral  Ring,        .       .       .44,  236,  294 
Sclero- Choroiditis,  Anterior,         .  291 
„            „        Posterior,        .  293 
Sclero-Corneal  Ruptures,      .       .  150 
Sclerosis,  Atrophy  in  Disseminated,  240 
„       of  the  Retinal  Connective 

Tissue,        ...  204 
Sclerotising  Keratitis.  .       .        133,  291 

Sclerotomy,  .       .       .       .       .  679 

Scotoma,       .       .       .       .       .  25 

„       Central,  ....  442 

„  Electric  Arc,  .  .  .  449 
„       Positive,        .       .        282, 286 

„       Scintillating,  .       .       .  448 

Scotomata,    .       .       .       .       .  10 

Scrofulous  Iritis,  ....  263 

Secondary  Contracture,  .  .  602 
„  Deviation,  .  .  601,  620 
,,       Glaucoma,    .       .       259, 375 

„  „  in  Serous  Iritis,  259 
„        Keratitis,     .       .        116,  136 

„        Positions,     .       .       .  589 

Senile  Central  Choroiditis,    .       .  285 

,,     Changes  in  Fundus,    .       .  47 

„  Hypermetropia,  .  .  .  503 
Sensations  of  Light  and  Colour,    .  26,  447 

Serous  Choroiditis,       .       .       .  301 

„      Cysts  of  Iris,     .       .       .  266 

„      Iridocyclitis,      .       .       .  259 

„     Iritis,        ....  257 
,,     Detachment  of  the 

Retina  in,     .       .  259 
„              Posterior  Polar  Cata- 
ract in,         .       .  259 
,,        „     Secondary  Glaucoma  in,  259 
Shadow  Test,       .       .       .       .  511 
Shrinking  in  the  Vitreous,    .       .  220 
„       of  the  Orbit, .       .       .  434 
Simulated  Amblyopia,  .       .       .  436 
Slitting  the  CanalicuU,  .       .       .  666 
Snell's  Electro-Magnet,        .       .  336 
Snellen's  Astigmatic  Fan,     .       .  547 
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Snellen's  Clamp,  ....  647 
,,  Coloured  Letters,  .  .  437 
,,  Operation  for  Entropion,  651 
,.  „  Tenotomy,  699 

"Rising  Sun,"  .  .  547 
„  Spectacle  Frame.  .  .  568 
,,  Test-Types,  ...  5 
„  Thread  Operation,  .  .  654 
„  „  for  Ptosis,  661 

Snovif- Blindness,    .       .       .       .  110 
Spasm  of  Accommodation,    .       .  572 
Spasms  of  Associated  Movement,  .  590 
,,      of  Ocular  Muscles,    .       .  614 
Spectacles,  Tinted,        ...  18 
Spectrum,  Dichromatic,        .       .  459 
Sphenoid,  Tumours  of  the,    .       .  419 
Spherical  Aberration,    .       .       .  22,  475 
,,       Lenses,  ....  481 
Spring  Catarrh,     ....  83 
,,     Speculum,  ....  684 

Squint,   590,  615 

Cover  Test  for,        .       .  616 
,,      Innervation  Theory  of,     .  633 
Periodic,  .       .       .        618,  631 
,,      Secondary  Deviation  of,    .  620 
Squints,  Upward  or  Downward,    .  636 
Squinting  Eye,  Amblyopia  of,      .  621 
„  Suppression  of  the 

Image  in,  .       .  622 
Staphyloma  of  the  Cornea,    .        119,  669 


„         Posticum,  .       .        293, 294 
Statistics  of  Glaucoma, .       .       .  382 
SteUwag's  Sign,     ....  428 
Stenopaic  Apertures,     .       .       .  272 
„       Slits,     ....  552 
Stereoscopic  Test  for  Binocular  Vision,  28 
Stokes'  Lens,        ....  552 
Strabismus,  ....        590,  615 
,,        Absolute,    .       .       .  615 
„        Alternating,       .       .  615 
,,        Concomitant,      .       .  614 
„        Constant,    .       .       .  615 


Convergent  Concomitant,  618 
,,          „  Disappear- 
ance of,  623 
„  Etiology  of,  629 
„          „  in  Myopia,  618 
Deorsum  Vergens,      .  615 
Divergent,  .       .       .  634 
,,     Convergent  Move- 
ments in,     .  634 
Downward,        .       .  636 
Intermittent,      .       .  615 
Latent,      .       .       .  615 
Measurement  of,        .  619 
Methods  for  the  Measure- 
ment of,  .       .       .  619 
Monolateral,       .       .  615 
Operations  for,    .       .  697 
Perimeter  for  Measuring,  619 
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Strabismus,  Periodic,    .       .       816, 631 
„        Permanent  amount  of,  619 
„        Relative,     .       .       .  615 
„        Sursum  Vergens,       .  615 
„        Upward,     .       .       .  636 
Strabometer,        .       .       .       .  619 
Streak  of  Reflection  along  the  Arteries,  185 
Streatfield's  Operation  for  Entropion,  650 
Stricture  of  Lachrymal  Duct,       .    75,  78 

Stye,  51 

Subconjunctival  Dislocation,        .  179 
(Edema,      .       .  105 
Tenotomy,  .       .  699 
Sub-hyaloid  Haamorrhage,     .       .  192 
Subjective  Sensations  of  Light  in 

Choroiditis,  289 
„  „  „  „  and  Colour,  447 

Subhixation, .  .  .  .  .  177 
Suction  of  Lens  Matter,  .  .  683 
Suppuration  after  Cataract  Operation,  691 
Symblepharon,  .  .  .  .  69 
„  Operations  for,       .  664 

Sympathetic  Cyclitis,  .  .  .  341 
„  Inflammation,  .  123, 339 
,,  Irritation,        .       .  340 

„  Ophthalmitis,  .  .  339 
„  „       Ciliary  Nerves 

in,        .  351 
„  „  Deutschmann's 

Researches  in,352 
„       Mercury  in,  348 
„  „  Ophthalmolo- 

gical  Society 
on, .       .  344 
„  „       Pathology  of,  356 

Statistics  of,  343 

Sympathiser,  339 

Sympathising  Eye,        .       .       .  339 
Synchisis,      .       .       .       .       ■  316 
Scintillans,     .       .       .  320 

Syndectoray,  668 

S3mechia,  Anterior,       .       .       .  119 
Posterior,       ...  245 
Syphmtic  Choroiditis,  .       .  285,287 
„  „        Light  Sense  in,  289 

Iritis,    ....  254 
„       Retinitis,      .       .       .  287 


Tabes  Dorsalis, 
Tarsal  Cyst,  . 
Tarsus,  .       .       .  . 
Tattooing  of  the  Cornea, 
Teale's  Syringe, 
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49 
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683 


Transplantation  Operation,  665 

Tear  Passages,      ....  69 

Teichopsia,   448 

Temporal  Blindnes8,Repeated  attacks  of ,  47  0 

„       Hemianopia,  .       .       .  469 

Tenon's  Capsule,   ....  407 

„              Bleeding  into,    .  423 
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Tenotomy,   697 

,,        after  Conjunctival  Suture,  628 

Angular  Effect  of,       .  626 

Immediate  Effect  of,    .  628 

of  External  Recti,       .  636 

Snellen's  Method  of,    .  699 

,,        Subconjunctival,  .       .  699 

„        Von  Graefe's,      .       .  697 

Tension,  Intraocular,     ...  3 

Test  for  Binocular  Vision,     .       .  27 

„   Types,  Snellen's,    ...  5 

Thermocautery,     ....  131 

Tinea  Tarsi,   49 

Tobacco  Amblyopia,      .       .       .  440 

Tonometers,  .....  358 

Torsional  Effect  of  Paresis,   .       .  600 

Tortoise-shell  Scoop,     .       .       .  683 

Trachoma,   98 

Translucent  Cysts,        ...  52 

Transplanting  Clear  Cornea,         .  671 
Operation  for  Ectropion,  657 


Traumatic  Cataract, 
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,,        Iritis,  . 

Trephining  

Trichiasis,  .... 

„        Operations  for. 
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,,         Iritis,  . 
„  Keratitis, 
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Eyelids,  . 
,,  Intraocular, 

Iris,  . 
,,         Skin  of  the  Face, 
„         the  Antrum, 
„  ,,  Ethmoid, 

„  „  Optic  Nerve, 

„   Orbit.  . 
„  „  Sphenoid, 

Tweedy's  Optometer, 
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Pigmentosa, 

Ulcers  of  Cornea,  . 
Ulcus  Cornese  Serpens,  . 
Ursemic  Amblyopia, 
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Vascular  Tumours  of  the  Orbit, 
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Venous  Sinus.  Thrombosis  of. 
Virtual  Foci, 
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